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Abstract

Data collected during 1986-1988 were evaluated
relative to the habitat requirements of the fish
and wildlife resources of the lower Yuba River,
Yuba County, California. This evaluation is in
~ds on sason . T€SPONse to water developments and diversions that
Deo? have reduced flows and increased water

f twscnb—
;::f:ﬁlymwua temperatures below Englebright Dam. The lower
Yuba River sustains a significant chinook salmon

t resource. This habitat also sustains steelhead
trout, American shad, and a variety of resident
game fish and nongame fishes.

‘ Ir eam flows and temperatures necessary to
pddedn habitat requirements are identified.

3

hid + Available data do not allow exact definition of
habitat requirements for American shad. Further
evaluation of the habitat requirements for this
speciesiay€ recommended to optimize habitat
requirements for all anadromous species in the
lower Yuba River.

l/. Investigation funded by the Streamflow Requirements Program,
The Resources Agency, Department of Fish and Game, Stream

Evaluation Report 91-1, February 1991.

2/ Field data collection by Beak Consultants, Incorporated,
Sacramento, California.
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EXECUTIVE SUMMARY AND MANAGEMENT RECOMMENDATIONS

The lower Yuba River between Englebright Dam and its confluence
with the Feather River near Marysville (approximately 24 river
miles) was the subject of a 3-year study to identify problems and
fisheries management needs of chinook salmon (Oncerhynchus
tshawvtscha), steelhead trout (Oncorhynchus mykisg), and American
shad (Alosa sapidissima). |
7% o 2 sthen '

The Yuba River is recognized as a significant producer of hod 1040
naturally spawned salmon and steelhead and wa?sﬂﬂngn’olnj ear
Mw nationwide for its outstanding shad fishery.< However, while
b ¥l limited evidence indicates. Yuba River steelhead populations may- .
ho ave increased following the completion of New Bullards Bax Dam, .
M substantial evidence shows chinook salmon populations have not,
/ and the shad fishery was almost nonexistent for a number of years.

_}-

\;;’oé ET‘ Water developments and diversions have had significant impacts on

p fisheries of the Yuba River. As a result of such developments, pet-m
:J/WM flows in the river have been substantially reduced and temperature J. .m0\
w;;.d“'ﬁ modified from that naturally occurring. Flow reductions have PR it _
f affected salmon and reproduction, growth, and migration, I

: and shad attraction, passage, and s awning.L"""”‘Jé‘“”"“*”“;”“"W—"’F’nsp
w‘j’ a Newbulluw[, impre reanve heb od  Fisleen sa y ,‘r-//awr/ .
,f As the initial step in an effort to develop solutions to fisheries
9 problems in the Yuba River, a series of detailed studies involving I

stream temperatures, flow-habitat relationships, water quality,
fish populations, fish passage, fish growth, riparian habitat and
impacts of diversions were completed. The data collection
portions of the study were completed by Beak Consultants,
Incorporated, under contract to the California Department of Fish
and Game (DFG). This report relies on these data plus records and
knowledge of the DFG.

Due to its value to both the sport and commercial sectors, chinook
salmon are considered of primary importance in management of the
Wlower Yuba River. Therefore, this study primarily develops
et et Tecommendations to protect chinook salmon. However, since life
f‘\ﬁ—cﬁ stage requirements for steelhead are generally similar, steelhead
19 el should be benefited by management proposals for salmon. Habitat
63‘,.«»“ requirements for American shad are significantly different from
:*;):9"‘ salmon and steelhead as are their times of use of the Yuba River.
There is little conflict between the needs for shad and salmon and

;';%? steelhead. Wm‘@rﬂm meedag_{on shedf

"‘:e Based on the analyses of these and other studies, DFG recommends
5 the following conditions to optimize habitat conditionsgfor the
restoration, maintenance, and protection of chinook salmon,
( steelhead trout, and American shad.

b whed Lt
f5 108 8;(.,9 re fo optmizehe bived condidins § pepdedrog

, - -xii- e :
b Sockion faken ot g et Hed ' plan acn ot_(..‘[,f(g(;; q(cndmril\ /V < i
%" ?o.wwsm gectros ’000’52—«/»51 /oo/)a‘ma( e rmeet tHa. Goott 77 Sectton £TOD l
: ’__u-,ce‘y—v‘{ Hee [Fichond Gore coble .
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flow Temper r

maintained in the lower Yuba River:

l The following streamflows and temperatures are recommended to be
. Temperature ( F)-

mean i : Minimum streamflow
Daguerre Marysville at
mya;ﬂg 5 Month Point Dam gage M vi e *
femy Oct 1-14 NR+ 60 _ 50 hee edila
0@?‘“? d"’ Oct 15-31 56 57 S ;.10 ;fgé“f$“
l ‘3 eamn Nov 1-Mar 31 56 57 8700
= rquise Apr 60 60 s ~s ... 1,000 i i s
May NR —.07 o5 .lyi-fw"' 2,000 5‘:{;; co § bepedn
- Jun NR 65 " 1,500 Fermf
: ' Jul 65 NR 450
- Aug 65 NR 450
Sep NR 65 450
' * U.S. Geological Survey streamflow gage no. 1142100,
' located 4.2 mi east of Marysville.
+ NR = no requirement. o,
l “W-"WM M“O/S’«—n‘- Tenys shedd e meintarad belimeen £0-C5°F 1 frerie~ S
<.

- *vof{ Daily maximgm temperatures should not exceed the daily average by
1 Yio, | more that 2°F and such exceedence shall not occur for more than 8
vy hours (h) in any 24-h period. Water temperature criteria will not

'iu_“,i‘; apply during defined '"dry" water years for the Yuba River drainage
?ghu“, l (a "dry" water year is defined below).
. 9T

Reductions to minimum flow schedule during "dry" water years

wes $hey TPRLA Occur under an equitably balanced use of the resource with

“the Eame percentage reductions made to diverters as to the

fisheries minimum flow. Such reductions shall be based on water
available to permanent contracts in existence on January 1, 1990.
Post January 1, 1990 offstream contractual obligations and
diversion shall be reduced to zero before reductions in fishery
flows occur. A "dry" water year is defined as less than 50% of
the 50-year average unimpaired runoff of the Yuba River in
acre-feet at Smartville for the current water year as published

annually in the May 1, Report of Water Conditions inp Califormia by

the California Department of Water Resources.

Short-Term Dajly Streamflow Fluctuation

Short-term daily streamflow fluctuations are defined as changes in
flow that occur on a regular daily basis generally associated with
daily operations of hydroelectric power generation and deliveries
to offstream diverters. To avoid loss of aquatic productivity and
X0 prevent fish stranding, daily flow fluctuations should not
exceed 10% of the average flow within any 24-h period and weekly

3

e
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flow fluctuations should not exceed 20% of the average flow within I
any 7-day (d) period at all times while Yuba River releases from

New Bullards Bar Reservoir and Englebright Reservoir are under l
control (i.e., no unregulated spills are occurring). For example, o~
if the average flow for the period is 200 cfs, flows should not be '

less than 180 cfs or greater than 220 cfs on a daily basis;

flows

on a weekly basis should not be less than 160 cfs or greater than
240 cfs. Flow fluctuations should be measured at the USGS gage
stations located below Englebright Dam and near Marysville.

Streamflow Reduction

Streamflow reductions are defined as planned reductions.

Such

reductions are generally associated with, but not limited to, the
specified monthly flow schedule above, reservoir flooé reservation
requirements, deliveries to offstream diverters, water transfers
and sales, and downstream salinity intrusion control. During all
such flow reductions the ramping rate should be gradual, not
exceeding 30% of the existing initial flow during any 24-h period,

and subject to stranding studies.

To further reduce the impacts from flow reduction during October
18 through February, the following interim schedule, subject to

of dewatere- redds, net loss of spawning gravels, and loss of
juveniles to stranding. In the event that during the period
October 15 through February, the 7-d4 average flow from Englebright
Dam (except in the event of flood control releases) exceeds 800

cfs, the above monthly flow schedule shall be modified in

accordance with the following schedule: o
'-‘o/'fk

> is recommended to reduce the negative impacts

%/

aoz;”‘/&

e 1. If the average flow for the preceding 7-4 period exceeds

4~o¢;uua 800 cfs but is less than 1,000 cfs, the minimum flow
‘u-CU‘Jd oL
.vnQor%auvb from October 15 through February at the Marysville gage.
f\mh’ﬁ‘s D‘“b § —
anUQ*ﬁﬂ— 2. If the average flow for the preceding 7-d period exceeds
Lo, 1,000 cfs but is less than 1,500 cfs, the minimum flow
specified in the above schedule should be 1,000 cfs from

Lprs n October 15 through February at the Marysville gage.
V&Y ghow Hhore ey

¥§@m 3. If the average flow for the preceding-7-d4 period exceeds
Moo 1,500 cfs, the minimum flow specified in the above

Jﬂvlnnﬁﬂ’&¢w7

Ovh (‘,{.0

schedule should be 1,500 cfs from October 15 through

February at the Marysville gage.

Between May 1 and June 30, the following schedule, measured at the
Marysville gage, is recommended for maintenance of American shad

angler -success: e

4. During May 1 through May 31 ‘e weeklyjtlow reduction not

greater than 200 cfs. SengmecT

-xiv- ; * S f
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.,_\ 5. During June 1 through June 30, aéeekly.flow reduction

not greater than }50 cfs. e e
' 9 i . J«.?a Slee bty i
Aresh The April, May, andiJune flows of 1,000, 2,000, and 1,500 cfs,
w respectively, are W* subject to evaluation studies for
& adult American shad attracticon and spawning, sSpring-run chinook

o salmon attraction, and for fall-run and spring-run chinook salmon,
%”4’ " | and steelhead outmigration.

Water Ouality

ﬁwwﬂﬁg The following water gquality parameters are to be maintained in
0*““‘&~2>receiving waters below Englebright Dam and Daguerre Point Dam:

1. Dissolved oxygen not to be less than 7.0 ppm.

ng do ul
[dﬁbw4pp{ 2. The pH not to exceed the range of 6.5-8.5.

3. No discharge of heavy metals or other constituents which
cause chronic or acute toxicity to any life stage of the
agquatic resources.

4. No discharge of turbid water or water containing
settleable solids in excess of California Regional Water
Quality Control Board (RWQCB) Basin Plan Standards.

it Pr n d Improvemen

1Vﬂ§3x Spawning gravel conditions within the Yuba River are generally
M P excellent. However, in the upstream area no new recruitment of
Lo gravel can occur due to the presence of Englebright Dam. Gravel
Pov 040 extraction within the area between Daguerre Point Dam and
%3ﬁﬁf*- Englebright Dam should be carefully evaluated and monitored.
- Gravel of suitable quality and quantity should be placed at
" e locations between the Narrows and Englebright Dam to improve the
v ~3) L-spawning conditions for adult spring-run chinook salmon. Future
zzsz' 1icegsgs and permits for projects on the Yuba River should be —
\wﬁg conditioned to provide for gravel replenishment, as necessary. To’ dﬁ
preserve existing and future spawning gravels, salmonid spawning ; Adl
habitat should be maintained through conditions that prevent A
sedimentation and gravel cementation. el

Gravel extraction within the Yuba River flood plain should be
restricted to skimming type operations that only remove materials
not suitable as substrate for spawning chinook salmon and
steelhead. Excavations below the thalweg should be allowed only
behind levees capable of protecting the work area from a 100-year
flood event. No activities should be allowed which could result
in changes in channel location.

Habitat for fry and juvenile salmon and steelhead is currently
less than optimum. Channel narrowing and degradation have reduced
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available habitat for these life stages. Habitat improvement

projects should be implemented and should include construction of

shallow "rearing" areas and "braided' channels designed to

optimize habitat requirements for/ fry and juveniles. Stocking of

additional steelhead fry should Be considered to increase

steelhead populations. PA T Sags “no acHuibvs shouldd bo aileved
which covdol nesult in. Cheegls o

W r Diver n Fish reen ¢ howrrel location,

In accordance with Fish and Game Code Section 6100, all new
diversions of water from the Yuba River should be screened
according to criteria established by the DFG. Existing water
diversions from the Yuba River (Brophy, South Yuba, Browns Valley,
and Hallwood-Cordua Irrigation districts) are resulting in losses
of fry and juvenile salmon and steelhead. Existing gravel and
weir type fish screens have proven unreliable and ineffective and
should be replaced and.s&arzaened according to current DFG criteria,,
All diversions of water should be screened with ''state of the art'
perforated plate or wedge wire type screens located ''on river".

ari Habi Maintena nd Pr D
endd S

Riparian vegetation along the lower Yuba River is valuable as it
provides food (terrestrial insects; for juvenile salmon and
steelhead, nutrient input to the river system, and is used by many
wildlife species. Removal of this vegetation should be carefully
evaluated to assure no net loss to protect fish and wildlife
resources. Riparian vegetation is included in the California Fish
and Game Commission’s definition of wetland vegetation and
compensation must be sought in line with Commission policy.
Programs for restoration and improvement of riparian habitat
should be implemented.

DFG recommends that the Yuba County Water Agency (YCWA) provide
funds for acquisition of acreage of lands adjacent to the Yuba
River below Englebright Dam as an alternative to the wildlife
habitat mitigation provisions of the Agreement between DFG and the
YCWA for New Bullards Bar. Such land should be maintained for
habitat protection and fish and wildlife oriented recreation by
DFG with annual funds for habitat improvement and protection
provided by the YCWA.

Public Accegg for Recreatijon

Public access should be provided at selected locations along the
lower Yuba River to provide for a wide base of recreational
activities such as boating/rafting, fishing, and bird watching.
Public access and appropriate facilities should be developed at
the following general areas:

1. Rose Bar, approximately 3 mi upstream of the Highway 20
Bridge on the south side of the river.
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2. Parks Bar at Highway 20 bridge crossing. This could be
associated with the rebuilding of the bridge by the
California Department of Transportation.

3. Daguerre Point Dam area, on the north side of river.

4. Hallwood Avenue or Walnut Avenue, on the north side of
river.

raain n

The Pacific Gas and Electric Company (PGXE) operates the Narrows
Project Powerplant (FERC 1403) in coordination with YCWA
powerplants. PG&E also has water rights to 45,000 acre-feet (AF)
of storage in Englebright Reservoir plus certain claimed riparian
rights. Federal power licenses for these projects should be
coordinated as to mitigation requirements and expiration dates.
In addition, all holders of water rights and permits and users of
downstream releases should be required to participate in meeting
the temperature and flow recommendations contained herein.

Additional Studies

The following additional studies are needed to address concerns
not addressed by past work or concerns brought to the forefront by
past studies. The results should be used to refine the abov

NPTt o 3192 A LR TN D R P TR . e

. -
Tggommendations
1. Reservoir cold water availability studies of New

Bullards Bar and Englebright reservoirs should be
performed using reservoir temperature models to: (a)
predict the effects of altered operations on water
temperatures downstream; (b) characterize the reservoir
elevations drawn upon by the intake structures; and (c)
characterize the water temperature regime and volume of
cold water present in these reservoirs available to the
intake structures.

2. Lower Yuba River summer months (July through September)
water temperature/discharge relationships should be
modeled and the information included in appropriate
analyses and used to refine the above recommended flow

regime. 7
egime _—t
3. Habitat criteria studies for(all life stages)of American
shad adequate for use in the Instream Flow Incremental
Methodology (IFIM) model should be conducted. Data
collection should be from observations of shad found in
the Yuba River.

4. An IFIM study should be conducted for American shad to

Ak;dalﬂl. quantify the changes in weighted useable area for
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various shad life stages over a broad range of flows.
Key life stages are adult (migration and spawning), egg
and larvae, and juvenile. An analysis of flow needs
should be made and final recommendations to protect and
enhance the American shad fishery of the Yuba River.

Attraction flows of short duration necessary to attract
fall-run chinook salmon and steelhead trout into the
lower Yuba River should be evaluated as to benefits for

spawning populations.

Studies of Yuba River steelhead trout should be
conducted to determine current population levels and

establish population goals.

The recommended streamflow reduction schedule above may
not provide the protection anticipated. Therefore,
stranding studies should be conducted to evaluate

potential impacts.
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Many of California’s resources and habitats have been lost due to
development and demands for offstream uses of water. These losses
are particularly acute for chinook salmon and steelhead trout.
California Department of Fish and Game (DFG) and U.S. Fish and
Wildlife studies show that 95% of California’s historic salmon and
steelhead habitat has been lost (Fisher 1979). In response to
Xhis habitat loss, the state’s salmon and steelhead populations
have dwindled to only 35-40% and 20%, respectively, of their
historic numbers (Anonymous 1982; Fisher 1979).

The importance of these resources to the people of the State has
been clearly affirmed by the California Governor, Legislature,
Resources Agency, and Fish and Game Commission. Salmon and
steelhead are recognized as valuable resources which have specific
environmental requirements and limited ranges. 1In view of the
losses these species have experienced, and their value to the
State, the Salmon, Steelhead and Anadromous Fisheries Program Act
was enacted in 1988. This Act is embodied in California Fish and
Game Code Section 6900 et seq. These code sections state that,
(a) it is the policy of the state to significantly increase the
natural Eroduc;ign of salmon and steelhead trout by the end of

is century; (b) DFG shall develop a plan and a program that
strives to double the current natural production of salmon and
steelhead resources; (c) it is the policy of the state to
recognize and encourage the participation of the public in
privately and publicly funded mitigation, restoration, and
enhancement programs in order to protect and increase naturally
spawning salmon and steelhead trout resources; and (d) it is the
policy of the state that existing natural salmon and steelhead
trout habitat shall not be diminished further without offsetting
the impacts of the lost habitat. 1In addition, the Legislature has
declared that a substantial increase in requests to appropriate
water has occurred, and that without due regard for the cumulative
effects on streamflows of these requests, serious effects on fish
and wildlife resources dependent upon these watercourses could
occur. Thus, the Legislature directed the DFG (Public Resources
Code Section 10000 et seq.) to prepare proposed streamflow
requirements for specific streams.

The Resources Agency has developed a set of long range goals to
aid in the restoration of salmon and steelhead trout resources and
habitats (Anonymous 1982). These goals include increasing salmon
and steelhead spawning populations by 300,000 fish, increasing the
fighery catch by 600,000 fish, and reestabligshing 500 mi of
historic spawning and nursery areas.

It is the Fish and Game Commissions’s policy to provide vigorous

and healthy salmon and steelhead populations. The policy
emphasizes maintaining adequate breeding stocks, suitable spawning

-xviv-
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areas, and natural rearing areas. Habitat maintenance,
restoration, and improvement are emphasized.

In view of the above policies, mandates, and clear need to strive
to maintain existing salmon, steelhead, and other resources and
habitats, and to restore these resources and habitats whenever
possible, DFG implemented an investigation to assess the aquatic
needs of anadromous resources within the Yuba River. This report
presents the results of that investigation and resultant
management recommendations.
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INTRODUCTION

l The Yuba River originates on the west slope of the Sierra Nevada
range and flows into the Feather River near Marysville,
California, and thence to the Sacramento River. The Yuba River is

l considered a significant source of naturally spawned chinook
salmon and steelhead and was known for its outstanding American
shad fishery. During the 1970’s and 1980’'s, the river did not
achieve increased population trends that were projected to occur

' for chinook salmon and American shad following the completion %‘% a
the New Bullards Bar Dam. Currently, fall-run chinook salmon B
spawning runs average 13,050 fish annually, far below the 38,000 :

' fish anticipated. Although little data are available, steelhead i
populations may have increased following completion of the New 4"
Bullards Bar Dam in the late 1960’s. Further, the American shad

-2 fishery jhas been almost eliminated, Since the turn of the

' s century, water development projects and diversions have
significantly adversely affected the river and its fisheries by
modifying the timing of natural flows, reducing flows during

' critical periods, and altering spring, summer, and fall stream
temperatures. These factors affect salmon and steelhead spawning,

o growth, and outmigration, and shad attraction, passage, and

- ' spawning activities.

In view of the value of the river’s fishery resources, habitat
losses, and demands to divert additional water offstream, DFG
initiated a 3-year study in 1986 to identify problems and
fisheries management needs for chinook salmon, steelhead trout,
and American shad on the lower Yuba River between Englebright Dam
and the Feather River. These studies included evaluating the
streamflow, temperature, and aquatic habitat relationships, water
quality conditions, fish population parameters, fish passage,
riparian vegetation, and impacts of diversions on the fishery
resources and their habitats. This report presents the results of
these investigations, a management plan, and Zecommendations for
+he_protection of the river and its fishery resources. ~“Due to ™
their sport and’ commercial fishery value, chinook salmon are
considered the primary species of importance when developing the

management plan.

the data for this investigation, and DFG prepared the fishery
management plan. Segments of Beak Consultant’s reports to DFG are

I Beak Consultants, Incorporated, Sacramento, California collected
' included in this report.
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DESCRIPTION OF STUDY AREA

General Setting and Stream Degcription

The Yuba River system is located within the Central valley of
California, draining 1,339 sq mi of the western slope of the
Sierra Nevada in Sierra, Placer, Yuba and Nevada counties (Figure
1). A component of the Sacramento River system, the Yuba River is
a tributary of the Feather River, which in turn feeds into the
Sacramento River. The lower Yuba River study area covered in this
report extends approximately 24 uni from Englebright Dam (a
hydroelectric generating and water storage facility) downstream to
the confluence with the Feather River at Marysville, California
(Figure 2). The study area is characterized by distinct reaches
exhibiting relatively large differences in gradient, hydraulic
conditions, channel morphology, and geology.

The river flows westerly from Englebright Dam, and descends an
average of 13 ft/mi (0.27% gradient) from elevation 282 ft above
mean sea level (MSL) to 120 £t MSL at Daguerre Point Dam, 12.5 mi
downstream (Figure 2). The 11.5 mi of river from Daguerre Point
Dam to Marysville has an average drop of 6.5 ft/mi (0.13%
gradient). The streambed elevation at Marysville is 45 ft MSL.

Most of the water from Englebright Dam is released through the
Narrows 1 and Narrows 2 powerhouses for hydroelectric power
generation. Consequently, the 0.2 mi of river between the dam and
powerhouses normally has standing water, except when the reservoir
is spilling. The 0.7 mi of river downstream of the Narrows 1 and
2 powerhouses to the mouth of Deer Creek is characterized by steep
rock walls, long deep pools, and short rapids. Below this area,
the river cuts through 1.3 mi of sheer rock gorge called the
Narrows, and the river consists of a single large, deep,
boulder-strewn pool.

At the downstream end of the Narrows, the river canyon opens into
a wide flood plain where large quantities of hydraulic mining
debris remain from past gold mining operations (Figure 2). This
18.5-mi section is typified as open valley-plain. Daguerre Point
Dam is located 12.5 mi downstream from Englebright Dam and is the
major point of water diversion on the lower river. The open
valley-plain continues 7.8 mi below Daguerre Point Dam to beyond
the downstream terminus of the Yuba Goldfield. This 18.5-mi
section is composed primarily of alternating pools, runs, and
riffles with a gravel and cobble substrate and, by virtue of the
quality and size of the substrate, contains the majority of the
quality chinook salmon spawning habitat found in the lower Yuba
River.
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The remaining section of the lower Yuba River extends
approximately 3.5 mi to the confluence with the Feather River
(Figure 2). This section of river is bordered by levees and is
subject to the backwater influence of the Feather River.

The lower Yuba River has two significant tributaries, Deer and Dry
creeks. Deer Creek enters the Yuba River about 1.2 mi downstream
of Englebright Dam. Falls impassable to migrating salmon are
located about 500 ft up Deer Creek. Records indicate a few
steelhead are able to pass the falls during some years. Dry Creek
enters the river about 10.3 mi downstream of Englebright Dam.
Flow in Dry Creek is regulated by the operation of Merle Collins
Reservoir. Records indicate Dry Creek has a self-sustaining i ;
population of chinook salmon estimated to be 500 fish during 1983 ¢
(Preston 1986). It is believed steelhead trout utilize Dry Creeﬁrg
L " o

as well.

Plant communities along the lower Yuba River are a combination of
remnant Central Valley riparian forests and foothill oak/pine
woodlands, grasslands, and orchards. Much of the immediate

river bank includes relatively bare regions denuded by hydraulic
mining, gravel mining, and urbanization. Native grasslands and
oak savannahs can be found further from the stream channel. Most
of the original plant communities along the lower Yuba River have
been converted to agricultural use, although fragments of the
riparian woodlands still exist along the stream channel.

The climate in the vicinity of the lower Yuba River is of the hot
savannah type (hot, dry summers, and cool, mild winters). U.S.
Department of Commerce (1972) records for Marysgille indicate mean
monthly tempsratures ranging from a low of 46.8°F in January to a
high of 78.8°F in July. Most rainfall (85%) occurs between
October and March. The average annual rainfall is 20.6 in at
Marysville.

D
History of Development of Yuba River Basin — é°°w5'5°@’1

The discovery of gold in the Yuba River in June 1848 attracted
thousands of miners to the area. Hydraulic mining techniques were
used to process an estimated 684,000,000 cubic yards of gravel and
debris between 1849 and 1909 (Gilbert 1917). Most of this
material was washed into the Yuba River and its tributaries
causing extensive siltation in the river and on agricultural land
along the lower Yuba River, and sedimentation and near-blockage of
the Sacramento River. Agricultural and other interests responded
by filing legal actions, and in 1884 a permanent injunction
prohibited hydraulic mines from using the streams as mine dumps.
Following 1884, most hydraulic gold mining was discontinued.

The California Debris Commission, an element of the U.S. Army
Corps of Engineers (USACOE), was created by the United States
Congress (Caminetti Act) in 1893. The commission’s function was
to serve as a regulatory agency to permit resumption of hydraulic
mining under conditions that would prevent debris from entering

-5~
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navigabhle waters or otherwise cause damage (USACOE 1977). In
addition to its regulatory functions, the Commission was to act
as a construction agency. The Commission constructed small dams
on the Yuba River to reduce the downstream movement of mining
debris. These impoundments limited the upstream migrations of
anadromous fishes and ultimately contributed to the reduction of

spawning populations in the Yuba River.

Barrier No. 1 Debris Dam was constructed in 1904-1905 about 4.5 mi
upstream from the present Daguerre Point Dam (Figure 2). This dam
completely blocked upstream movement of anadromous fish until 1907
when it was destroyed by floods (Wooster and Wickwire 1970).

Daguerre Point Dam was completed in 1906, and diversion of the
river over the dam was completed in 1910. The dam is located
approximately 12.5 mi downstream from Englebright Dam (Figure 2).
It included two fish ladders, one designed for high and one for
low water use. However, the ladders were ineffective, and the dam
limited upstream spawning migrations except during periods of very
high water (Wooster and Wickwire 1970). The fish ladders were
destroyed by floods in 1927-1928, and fish passage facilities were
not replaced until 10 years later. A new fish ladder was
installed in 1938 but was used by few salmon because of its poor
design. Consequently, only a portion of the spawning habitat
upstream of Daguerre Point Dam was used from 1941 to 1950. New
fish ladders were installed at the Daguerre Point Dam in 1950.
These ladders were generally effective and allowed salmonid
passage. Daguerre Point Dam was damaged by floods in February
1963, and repair of damage to the dam and fishway was completed in
December 1964. In late December 1964, a portion of the bank and
fishway was washed out by another flood and repair was completed
in October 1965.

Construction of the 014 Bullards Bar Dam by the Pacific Gas and
Electric Company (PG&E) on the North Fork Yuba River began in
1921. Englebright Dam was constructed by the USACOE farther
downstream in 1941 for sediment an§s£$Qan%§Ptr°1 and completely
blocked spawning runs of ZisK“ITH~upper portIoia &Y the mainstem
Yuba River and its tributaries.

Flooding of Marysville and Yuba City in 1950 and 1955 resulted in
the formation of the Yuba County Water Agency (YCWA) and
development of plans for a new flood-control, water supply, and
power-generating dam. The resulting structure, New Bullards Bar
Dam, was completed in 1969. This dam contains multiple-level
water outlets designed to control the temperature of downstream

discharges.

Large quantities of water are diverted from the Yuba River for use
in the Browns Valley, Hallwood-Cordua, South Yuba, and Brophy
Irrigation districts during late spring, summer, and early fall
months. The largest diversions occur at and just above Daguerre
Point Dam (Figure 2). Pumps are used to divert additional
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irrigation water between Daguerre Point Dam and the confluence of
the Yuba and Feather rivers.

The impacts of development activities on the Yuba River have been
severe. The combined effects of hydraulic mining, dredging, dams,
and irrigation diversions have changed the character and natural
resources of the river. The issue of instream flow needs to
protect aquatic resources in the Yuba River has been the subject
of debate since 1944 (Rich et al. 1944).

Fish Resources

Twenty-eight species of resident and anadromous fishes occur in
the Yuba River (Table 1). Four anadromous species, fall- and
spring-run chinook salmon, steelhead trout, American shad, and
striped bass are of primary interest.

Fall-Run Chinook Salmon

Fall-run chinook salmon are the largest and most important

anadromous fish in the lower Yuba River. Because of their size

and food quality, they are highly prized by both commercial and

sport fishermen. The Sacramento River system has historically

been an important spawning area for this species. In the past the

Yuba River supported up to 15% of the annual run of fall chinook

in the Sacramento River system. Run sizes in the Yuba have varied

over the period of record (1953-21989), from 1,000 (1957) to 39,000

(1982) fish (Table 2). Approximately 60% of these salmon spawn sk .
between Daguerre Point Dam and the Highway 20 Bridge. ‘*ué;

During planning for the development of the Yuba River Basin in the
late 1950s and early 1960s, projections were made of the expected
benefits to the Yuba River fishery from construction of New
Bullards Bar Dam and Reservoir. The DFG projected that increased
streamflow and better control over water temperatures would result
in improving the average fall chinook salmon run to over 38,000
fish (Wooster 1963; DFG 1965a). The maximum run was expected to
exceed 80,000 fish (Wooster and Wickwire 1970). However, since
impoundment of New Bullards Bar Reservoir in 1969, the average
fall chinook salmon run has not improved. The salmon run for the
16-year period (1953-1968) prior to impoundment of New Bullards
Bar Reservoir averaged 13,800 spawners. For the 21-year
post-impoundment period (1969-1989), the fall-run averaged 13,050 et
fish (Table 2). High water temperatures and low flows during

critical life stages are believed to limit chinook salmon PCr pe-t
production after project construction. p.ﬂ-e.ﬂg;
hal:

«+4 Fall-run chinook salmon typically begin spawning migration in the ——

Yuba River in late September and may extend through January
(Figure 3). Most spawning migration occurs in October and
November. Low river discharge and high water temperatures in
October may delay migration and spawning (Wooster and Wickwire
1970). Spawning normally occurs shortly after migration,
primarily in October through January and peaks during November and
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Table 1.
Riv ve M vi
Petromyzontidae
Pacific lamprey
Acipenseridae
Green sturgeon
White sturgeon
Clupeidae
American shad
Salmonidae
Chinook salmon
Rainbow trout

(resident and anadromous)

Cyprinidae
Carp
California roach
Hardhead
Golden shiner
Sacramento squawfish
Speckled dace
Catostomidae
Sacramento sucker
Ictaluridae
White catfish
Brown -bullhead
Channel catfish
Poeciliidae
Mosquitofish
Gasterosteidae
Threespine stickleback
Percichthyidae
Striped bass
Centrarchidae
Green sunfish
Warmouth
Bluegill
Smallmouth bass
Largemouth bass
White crappie
Black crappie
Percidae
Logperch
Cottidae
Riffle sculpin
L .

Common and scientific names of fishes occurring in the

ia,* + :”\l
Lampetra tridentatus
Acipensger medirostrig l

Acipenser transmontanus
Alosa sapidigsima

oncorhynchus tshawytscha
oncorhynchus mykigg**

Cottus gulosusg

From 7%3/:{%76) .

+ Common and scientific names from Special Pub. No. 12, American

Fisheries Society (1980).

** Taxonomic change according to Kendall (1988).

Hy sterocarpus Fraski
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Table 2. Estimated fall-chinook salmon runs in the Yuba River,
California, 1953-1989,*

r _Number Year N b o T
1953 6,000 1966 8,000 1979 12,000
1954 5,000 1967 24,000 1980 13,000
1955 2,000 1968 7.000 1981 13,000
1956 5,000 1869 5,000 1982 39,000
19587 1,000 1970 14,000 1983 14,000
1958 8,000 1971 6,000 1984 9,665
1959 10,000 1972 9,000 1985 13,041
1960 20,000 1973 24,000 1986 19,558
1961 9,000 1974 18,000 1987 18,510
1962 34,000 1975 5,880 1988 10,760
1963 37,000 1976 3,800 1989 9,840
1964 35,000 1977 9,000
1965 10,000 1978 7.000

* Source: Years 1953-1972, Taylor (1974); years 1973-1982, Reavis
(1984); year 1983, Reavis (1986); years 1984-1987, DFG
unpublished data; and years 1988 and 1989, subject to revision.<

7
early December. Eggs incubate in the gravel into February,

followed by hatching and emergence of fry into March.

Fry may emigrate within a few weeks of emergence or may rear to

the juvenile stage until June when they emigrate (Moyle 1976).
Exceptions do occur, however, and juveniles have been captured in
seine hauls in September at Parks Bar (Fred Meyer, DFG - Region 2,

per. comm. 1989). Juveniles tend to emigrate at night near the

water surface (Raleigh et al. 1986).

Spring-Run Chinook Salmon

In most California rivers that support this stock, summer is sgent
in deep pools where water temperatures seldom exceed 69.8-77.0°F
(Moyle 1976). Studies by USFWS staff on the Trinity River, :
California, guggest spring-run chinook select water temperaturesrv
less than 60°F (R. Brown, USFWS, Lewiston, CA, per. comm. 1990).
This period of summer holding prior to spawning is a major -
difference in the life history of spring- and fall-run stocks.

A small spring-run chinook population originally occurred in the
Yuba River. However, the run virtually disappeared by 1959 (Fry
1961), presumably due to diversion and hydraulic developments on
the river. A remnant spring-run persists in the lower Yuba River
and is being maintained by fish produced in the river, f£ish
straying from e Feather River (Fred Meyer, DFG-Region 2, per.
comm. 1989), from infrequent stocking of hatchery-reared £ish
by the DFG (Table 3).

In the Sacramento-San Joaquin system spring-run chinook
historically migrated into the upper reaches of streams in spring,
spent the summer holding in deep pools, and spawned in late fall

. 4 -9-
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(Moyle 1976). However, dams have blocked access to upstream

areas, and stocks have declined. The spring-run has persisted in .
some rivers, apparently by adapting to use of available habitat.

Little life history information is available for this stock in the

Yuba.

Figure 3. Life history periodicity for fall- and spring-run chinook
salmon, steelhead trout, and American shad in the lower Yuba River,
California.*

Fall-Run Chinook Salmon

Life Stage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Spawning migration X X X X X
Spawning X o X X X
Egg incubation X X Uf§¢:tf?£d~ ) X X X
Emergence X X X 9‘0510,,.01.“ it e e X
Fry rearing/emigration X X X 4t gerd— J X
Juv rearing/emigration X X X

Spring~Run Chinook Salmon
ge Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
X X X X X

Spawning migration

Summer holding X X X
Spawning X X X
Egg incubation X X X X
Emergence X X X
Fry rearing/emigration X X X X
Juv rearing/emigration X X X X j&

s L2
Steelhead Trout - SH e v v
Spawning migration X X XN X X X X X
Spawning X X X
Egg incubation X X X X X
Emexrgence X X X X
Fry % juvenile rearing X X X X X X X X X X X X
Emigration X X X

American Shad

Life Stage Jan Feb Mar Apr Ma A Nov De
Spawning migration 235 X X

Spawning X X X

Egg incubation & hatching X X X //’gg—__——~—"“{u:Q3:5
Rearing & emjgration X X X X X X g

MoSt Fearing paniGyi=an 1a FELHEr Aung Srr—e— —

* The life history information is based on review of the literature
and DFG fishery biologists familiar with the anadromous f£ish
species of the lower Yuba River. The periodicities shown are
believed to represent the time of occurrence of an unknown but

3*,)F(‘llarge majority of a life stage population, consequently,

exceptions may commonly occur.
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Table 3. Stocking of hatchery-reared spring-run chinook salmon
and steelhead trout in the lower Yuba River, California, from

—1970 through 1980.%

—_— Year _ Species+ Life stage Number
1970 Steelhead Subcatchables 77,927
1971 Steelhead Subcatchables 217,378
1972 Steelhead Yearlings 48,760
1973 Steelhead Fingerlings 176,670
1975 Steelhead Yearlings 50,903
1976 Steelhead Yearlings 53,460
1977 Steelhead Yearlings 49,867
1977 Steelhead Subcatchables 54,531
1978 Steelhead Yearlings 51,580
1979 Steelhead Yearlings 27,270
1980 Chinook Fingerlings 21,460
1980 Chinook Yearlings 15,925

* Source: DFG unpublished data.
+ Steelhead trout from Coleman National Hatchery; chinook are
spring-run chinook salmon from Feather River Hatchery.

Spring-run chinook migrate into the lower Yuba from March through
July, although some migration may occur in August. The majority
of ZZe,;un occurs in May and June (Moyle 1976).
was 't (Nvu.w'f‘-'y c¢ ~-W¢¢f

The: £ish apparently spend the summer in the cooler water just
below the Narrows 1 and 2 powerhouses or further downstream in the
Narrows (Fred Meyer, DFG-Region 2, per. comm. 1989). Spawning may
begin in August but appears to occur mainly in September, October,
and perhaps into November (Moyle 1976). Recent information
uggests that spawning primarily occurs in the Yuba from late
September through early November. The DFG conducted a spawning

ek survey from early October to early November 1986 when about 20
442 |pairs of chinook salmon were observed spawning just below the

Narrows Powerhouse (Fred Meyer, DFG ~ Region 2, per. comm. 1989).
It was concluded that these were spring-run chinook since they
could not have passed high gradient riffles downstream during low
fall discharge, but could have done so during high spring flows.

Egg incubation probably occurs into December, and fry emergence
begins in November and extends through January. Fry may emigrate
within a few weeks of emergence or remain to rear to the juvenile
stage and emigrate as late as June.

Steelhead Trout el

Wooster and Wickwire (1970) estimated about 200 steelhead trout
spawned in the river annually, and that .there/was a potential for
about 2,000 spawners after completion of New/Bullards Bar
eservoir. While no definitive population timates exist,

imited information suggests lower Yuba River winter-run steelhead
trout populations may have increased (DFG 1984). The life history
eriodicity for steelhead in the lower Yuba River is summarized in

-]11=-
I{- mv.o“;{j Sc-u‘( Fl M(M Q\.“ R,u.(,\ 50(/(\%‘\ S"'"u WW\—Y\I'\ 5"(

pppulk}'f/\'”.eq'k“wd + thJH-’\ &b()h}i‘ 2_ o000 405;\
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to spawn in the fall and winter (Raleigh et al. 1984; Moyle 1976).

eﬂ In the lower Yuba River, the spawning migration beglns as early as

ﬂ Figure 3. Steelhead migrate from the ocean to their natal streams l
f

fzﬁ August, peaks in October and February, and may extend through

f March (DFG 1984; Painter et al..]1837). A run of half-pounder i

Ayfﬁ_v steelhead™ 15 KW €6~ dcciliz ‘principally from late June through the '
summer, fall, and winter months (R. DeHaven, USFWS, Sacramento,

CA, per. comm. 1990). Steelhead spawn in the late winter and
early spring months (January through April). Egg incubation and
emergence from the gravel extends into May and early June,
( respectively. Fry remain in the river to rear to juveniles for 1
9 ‘~_ to 3 years prior to smolting and emigration to the ocean.
N gration generally occurs from March into June. Steelhead
mature after 1 to 2 years in salt water and return to their natal

stream to spawn. ‘Cm,,q

Environmental factors influencing the steelhead trout population
in the lower Yuba River are similar to those affecting chinook
salmon. However, unlike chinook salmon, steelhead typically rear
in the river for 1 or more years. Thus, high water temperatures
and low flows during critical life stages may be affecting
steelhead to a greater degree than chinook salmon.

DFG’s Yuba River steelhead trout management activities have
consisted primarily of hatchery stocking. From 1970 to 1979, DFG
annually stocked between 27,270 and 217,378 hatchery-reared
(Coleman National Hatchery) fingerlings, yearlings, or
subcatchables in the river (Table 3). The future management of
this species would benefit from studies that determine adult
population levels and establish population goals. The stock is -
currently managed as a naturally sustained population. h e
T ft not wilA
Areas in the lower Yuba River that are actively used as spawning
and rearing habitat by steelhead trout have not been determined.

oty M’“J‘

American Shad

1871 was highly successful. The shad population expanded rapidly,
and 8 years later, a commercial fishery developed (Moyle 1976).
The fishery peaked in 1917 when about 5.7 million pounds were
landed. From 1918 to 1945 the annual catch ranged from 0.8 to 4.1
million pounds. The catch declined after 1945, and between 1945
and 1957, the catch exceeded a million pounds just once (Painter
et al. 1979). The commercial fishery was eliminated in 1957 to
facilitate development of a sport fishery.

There is no clear record of when the shad sport fishery began in
California (Painter et al. 1979). Angling occurred in the 1930’s
and 1940’s, but enthusiasm for the sport did not develop until the
1950’s. Thereafter, the sport grew to an estimated 100,000 angler
days in the mid-1960’s for the Sacramento system (DFG 1965b).
However, the sport fishery has declined to about 35,000 to 55,000
angler days per year in 1976-1978 (Meinz 1981). The more popular
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The introduction of American shad into the Sacramento River in I

C—066784
C-066784



angling areas are located on the Sacramento, American, Feather,
and Yuba rivers.

The lower Yuba River supports a seasonal shad sport fishery. The
fishery generally is confined to the area between Daguerre Point
Dam and the confluence with the Feather River from late April’fﬁgg
July (Wooster and Wickwire 1970; Meinz 1981). Previous studies
indicate the shad fishery has declined on the Yuba River. Wooster
and Wickwire (1970) estimated that Yuba River shad anglers spent
6,400 angler-days annually, while Meinz (1981) estimated from 150
to 3,300 angler-days annually during the 1976-1978 period.
Virtually no shad fishery existed on the Yuba River during 1987
and 1988 (Fred Meyer, DFG-Region 2, per. comm. 1989).

Daguerre Point Dam is believed to affect shad spawning movements.
The dam is equipped with two conventional pool and jump type
fishways, but few shad use these facilities. However, in 1969
several hundred shad were able to pass the dam and were observed
upstream to Parks Bar. In 1968 the shad run was estimated at
30,000 to 40,000 spawners, and in 1969 at 40,000 spawners (USACOE

1977).

American shad rear to sexual maturity in the sea and then migrate
to their natal river to spawn. Within the Sacramento River
drainage, the relative magnitude of tributary discharge to that in
main stem rivers appears to determine the distribution of American
shad spawning for the first time (virgin) (Painter et al. 1979).
Preliminary results of investigations to date suggest that to
maintain a historic distribution of adult virgin shad to the Yuba
River, the May-June flow of the Yuba should not be less than 33%
of the Feather River discharge and the Feather River should not be
ss than 34% of the Sacramento River discharge (Painter et al.
79). Studies of the Yuba River American shad sport fishery in
1976-1978 indicate as the April-June 3-month average flow at
Marysville during 1976 and 1977 increased from less than 300 cfs
to greater than 3,000 cfs during 1978, the catch rate increased
from 0.54 and 0.04 to 1.06, respectively (Meinz 1981; Appendix I).

The peak of upstream shad migration through the western
Sacramento-San Joaquin Delta occurs during March, April, and May
(Painter et al. 1979). Migration into the Yuba River is believed
to occur during April through June (Figure 3). Shad spawn only in
fresh water (Leim 1924; Massmann 1952; Walburg 1960). Spawning
typically occurs from late April through July on the Feather River
(Painter et al. 1977). Studies conducted from 1972 through 1974
on the Yuba River indicate that Yuba River shad spawn during this
same time period (PFG 1975). This period corresponds to the May
through mid-July peri ed by Wooster and Wickwire (1970) from
studies conducted in 1963. \U was'9f6 unpblidecl dete®

Shad spawn in schools of wildly swimming, thrashing fish in the
main channels of rivers over sand to gravel substrate in depths of
3 to 30 £t or more (Painter et al. 1979; Moyle 1976). Spawning
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occurs near the water surface, and can occur at any time of day,
although spawning is most frequent at night. Females broadcast
their eggs and one or more males fertilize the eggs. Fish spawn g
repeatedly and females release a total of 30,000 to 300,000

eggs depending on age and size (Moyle 1976). Spawning intensity
apparently is related to water temperature. During studies of
American shad in the Feather and Yuba rivers from 1971 through
1974, spawning intensity (as measured by egg abundance) increased
or decreased in the direction of the temperature ghange when day
to day water temperatures changed greater than +3°F FG 1975). A
similar response was noted in the angler catch rate M‘x}ter,
DFG, per. comm. 1989). The majority of fish die after spawniing,
but some survive to spawn the next year. Post—spawning morthlity
increases in warmer water, particularly at §8.0 F and higheri\

n O{Xc
(Moyle 1976). 7 ke is Megle ‘:',‘;f/;;wdgh'

Shad eggs are semibuoyant, non-adhesive, and drift downstream with
the current until they gradually sink to the bottom (Painter et
al. 1979; Moyle 1976). Incubation takes 3 to 6 days at about 59.0
to 64.4°F. Incubation is faster in warmer water, but mortality

increases.

Newly hatched shad larvae are about 0.35 to 0.4 in total length
(TL) (Painter et al. 1979; Moyle 1976). Within a month, length
triples, and by the time they enter salt water, larvae are 2 to
7.2 in TL. Newly hatched larvae may be rapidly transported
downstream by currents due to their small size. Studies conducted
during 1976-1978 to identify shad nursery areas in the Sacramento
River system and Sacramento-San Joaquin Delta revealed that the
Sacramento River above Knights Landing, the Feather River above
Yuba City, and the entire American and Yuba rivers were not
season-long nursery areas for juvenile shad (Meinz 1979). This is
consistent with Stevens’ (1966) conclusion that the seaward
migration of juvenile shad through the Delta starts in late June
and extends through November.

Juvenile shad spend several weeks to several months in the Delta, l
progressively moving closer to salt water. Little is known of the
life history of American shad in salt water along the Pacific l

coast (Moyle 1976).
Striped Bass

Striped bass are native to streams and bays of the Atlantic coast
from the St. Lawrence River to Florida, and along the Gulf of
Mexico from Louisiana to Florida (Moyle 1976). They were
introduced into the Sacramento-San Joaquin Estuary in 1879 and
1882. The species rapidly established itself, and by 1888 it
supported a commercial fishery which produced landings in excess
of 1.2 million pounds (Skinner 1962). The main population centers
are the Sacramento-San Joaquin Estuary and river system, but
smaller populations have been established in rivers and estuaries
of the Russian and Klamath rivers in California, and the Coos,
Umpqua, and Coquille rivers in Oregon.
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Striped bags occur in the lower Yuba River below Daguerre Point
Dam and ot known to migrate beyond the dam (Wooster and
Wickwire 19707. dult and juvenile fish move into the river in
May and June. Movement into the river corresponds to the spawning
period (Moyle 1976). However, striped bass eggs and larvae have
not been recovered in the Yuba River (Wooster and Wickwire 1970;
DFG 1975). Bass probably use the river for feeding rather than

spawning.

Striped bass are taken incidentally by anglers fishing for other
species in the Yuba River (Wooster and Wickwire 1970). On
occasion, a substantial fishery was noted in the Feather River

near Marysville (Painter et al. 1977).
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HYDROLOGY

The Yuba River, a major tributary of the Sacramento River, drains
a 1,339-sq mi watershed originating in the higher elevations of
the west slope of the Sierra Nevada. The Yuba River is drained by
the North Fork Yuba River, Middle Fork Yuba River, and the South
Fork Yuba River (Figure 1). The three tributaries join to form
the main Yuba River upstream of the USACOE Englebright Dam, where
the terrain changes to foothills. New Bullards Bar Reservoir, on
the North Fork Yuba River, is the largest impoundment in the
drainage and the principle storage reservoir regulating inflows to
Englebright Reservoir. There are numerous other storage and
diversion facilities in the drainage, and flow is highly impacted
as a result of these projects for water storage, diversion, and
hydroelectric power generation (Figure 4).

Rainfall and snowmelt are the major sources of water supply in the
watershed. Runoff from snowmelt produces a large portion of the
total seasonal water supply. Most of the precipitation in the
basin occurs during the period November through March, with
maximum storm intensities typically occurring in January,
February, and March. Winter precipitation at high elevations
usually occurs as snow. Annual precipitation ranges from a low of
30 in in the western part of the watershed in the vicinity of
Englebright Dam, to a high of about 80 in in the northern and
southeastern portions of the drainage area (PG&E 1989). 1In a
typical year, the April 1 accumulation of snow in the mountains is
equivalent to 40.3 in of water at the 6,500-ft elevation and 48.9
in at the 7,200-ft elevation. Snowmelt occurs in the late spring
and early summer months, and streamflow are usually at their
lowest in July to October.

There are several diversions on the lower Yuba River in the
vicinity of Daguerre Point Dam (Figure 2). The primary
consumptive use of these diversions is agricultural irrigation,
which accounts for more than 90% of water use. The YCWA is the
most significant holder of water rights with permits or licenses
for 2,080,000 acre-feet (AF) per year. YCWA has contractual
agreements to supply water to meet water rights and sales
contracts primarily with the Hallwood Irrigation Company (78,000
AF), Cordua Irrigation District (82,000 AF), Ramirez Water
District (13,900 AF), Brophy Water District (35,330 AF), South
Yuba Water District (22,100 AF), and Browns Valley Irrigation
District (25,687 AF). Flows diverted by these agencies can reach
a maximum of 1,085 cfs. An additional 18,204 AF exists in
miscellaneous riparian and active sales contracts.

Discharge (gaged near Marysville, water years 1944-1987) through
the study area averages 2,600 cfs. However, flows historically
ranged from a low of 10 cfs (July 1959) to more than 180,000 cfs
(December 1964) (USGS 1981, 1986, and 1988). There is little
summer accretion flow below Englebright Dam and virtually all of
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this streamflow originates from Englebright Reservoir. The two l
major tributaries are Deer Creek and Dry Creek. Average annual

discharge from Deer Creek is 130 cfs, based on 53 years of record

1935 to 1988 (USGS 1988). Peak discharges in Deer Creek occur ,,\l
during late fall and winter storm events. Extremes for the period

of record are a maximum of 12,100 cfs (February 1986) and a

minimum daily of 0.06 cfs (August 1977). Several reservoirs (Lake
Wildwood, Deer Creek Reservoir, and Scotts Flat Reservoir) and

diversion canals (Cascade Canal and D-S Canal) on upper Deer Creek
normally limit spring, summer, and fall flows to less than 10 cfs.

Average annual discharge from Dry Creek is 77 cfs, based on 16
years of record 1964 to 1980 (USGS 1980). Extremes for the period
of record are a maximum of 5,950 cfs (January 1969) and a minimum
daily of 0.84 cfs (October 1977). Peak discharges occur during
winter storm events. Flows are regulated by Lake Mildred, Merle
Collins Reservoir, and some diversions for irrigation.

Annual and monthly streamflow patterns are essential components of
any instream needs assessment on the lower Yuba River. These
streamflow patterns were analyzed using 63 years of unimpaired
flow provided by the California Department of Water Resources
(DWR) and 20 years of streamflow data provided by USGS. Using
these data, the annual and monthly water supply outflow
characteristics below Englebright Reservoir were determined.

1 Unim b o R £

v X
”%g“ﬁ Unimpaired flow represents the runoff from a basin that would have
re Y occurred had not the flow of water in the basin been altered with
ﬁxﬂ” the construction of reservoirs and diversions.

An analysis of the estimated unimpaired flow at Smartville (below
Englebright Dam for old USGS station 11419000 located below Deer

Creek) for water years 1921-1983 was performed using data l
published by DWR (1987a) (Table 4). From the DWR estimates of

unimpaired flow, the average annual outflow over the 63-year

period is 2,332,730 AF (this value is rounded to 2,333,000 in l
Table 4). Further, for this period 1921-1983, outflow during 29

years (46% of the time) equaled or exceeded this average annual

flow value. Thus, the average annual value is a good indicator of

the long-term average water supply since a large number of data l
are available.

"Normal" hydrologic conditions are present when the estimated
unimpaired runoff equals the long-term average (forecasted runoff
is 100% of the long-term average). '"Dry" hydrologic conditions
exist when runoff is at some predetermined percentage less than
normal or the long-term average. '"Dry" hydrologic conditions are
often defined as less than 50% of the unimpaired runoff for a
series of water years, usually 50 years.
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Table 4. Estimated unimpaired flow (acre-feet x 1,000) at

— Smartville (USGS gage 11419000), lower Yuba River, California.
average are indicated by asterisk. , W s e
Water

year Oct Nov Dec Jan Feb Mar .Apr May Jun Jul

1921 43 280 329 421 280 473 414 498 315 64
1922 25 31 113 122 318 261 421 869 650 104
1923 27 57 296 165 113 159 432 459 221 84
1924 33 24 55 40 127 62 137 78 17 6
1925 33 53 121 111 563 232 403 396 127 38
1926 25 38 55 64 411 220 454 213 72 20
1927 30 314 201 226 745 422 586 539 366 67
1928 22 149 135 178 155 798 465 380 87 33
1929 20 36 48 42 84 145 190 275 118 23
1930 13 13 29t 179 209 321 345 265 113 26
1931 5 48 17 61 61 148 140 S4 37 8
1932 26 36 166 147 196 278 347 533 300 46
1933 16 16 27 40 35 142 217 284 239 36
1934 22 27 97 128 150 234 172 86 37 15
1935 17 66 72 153 150 199 672 558 274 44
1936 27 32 42 345 528 332 500 467 226 54
1937 17 16 31 32 231 281 415 566 198 42
1938 22 107 496 141 423 711 590 845 8527 144
1939 34 39 47 S6 S5 214 263 126 48 13
1940 22 24 32 392 577 723 495 403 129 29
1941 25 69 256 374 504 425 421 645 251 117
1942 24 70 370 457 512 238 535 554 426 108
1943 29 135 283 587 308 631 502 358 189 56
1944 29 N 42 64 143 213 215 421 162 37
1945 22 107 149 105 466 203 319 450 196 50
1946 36 117 492 260 146 257 407 445 149 47
1947 31 96 101 54 184 301 263 179 90 27
1948 ° S5 52 41 209 68 128 509 509 323 65
1949 22 38 62 42 77 245 412 408 111 31
1950 14 N 38 237 331 309 461 469 227 47
1951 69 677 794 411 378 286 360 365 112 30
1952 41 102 215 325 481 356 6952 929 582 221
1953 43 32 127 S70 143 214 383 403 410 133
1954 31 65 63 155 238 385 49t 2323 96 M
1955 17 40 107 100 82 123 182 2388 181 as
1956 17 40 1192 776 308 287 334 576 296 86
1957 45 48 44 65 313 389 252 493 222 45
1958 41 59 140 182 686 443 582 799 43¢ 99
1959 20 37 33 201 226 1189 232 17t T 25
1960 10 17 19 74 389 418 313 265 133 32
1961 15 S0 64 37 155 176 219 252 107 23
1962 7 21 73 56 433 219 454 361 204 44
1963 451 79 248 214 %96 205 557 608 204 56
1964 33 212 77 133 108 123 247 320 152 40
1965 16 63 1341 678 240 198 502 442 264 72
1966 25 9 76 123 99 227 402 282 58 20
1967 16 129 282 393 260 420 299 657 603 177 44 20 | 3300
1968 26 30 69 143 442 275 243 222 78 2% 18 6 1573
1969 28 B89 130 964 377 278 522 768 388 42 66 17 | 3669
1970 21 39 386 1278 263 287 173 275 127 3¢ 4 8
1971 0 184 238 288 206 2394 358 562 374 86 44 23 2857
1972 29 45 104 135 181 423 254 306 160 31 14 29 1711
1973 47 150 243 3509 353 310 321 S00 142 28 18 25 2646

1974 34 559 395 706 174 680 487 49¢ 282 110 29 16 3966

1975 8 35 48 84 285 2399 272 594 438 99 52 39 2353 {m*‘b1~
1976 70 76 62 47 76 123 128 130 30 s 27 7 BNk ~—— e _,G.sb .
1977 11 28 3 38 17 M 60 82 37T n 3 6 325 % Y «en
1978 7 21 177 558 288 527 427 482 322 88 20 42 2939 3_‘:370
::;: ;9 31 36 131 178 311 308 519 129 27 18 19 1726 ’ci:?

7 74 113 956 599 314 336 398 225 80 23 19 14 e
1981 24 24 59 103 165 224 248 182 45 18 10 10 1112% — w o&b/" .
1982 40 613 777 376 669 468 885 636 305 101 26 29 4925 h 2 7{

1983 121 191 377 322 S65 929 429 716 712 274 62 37 4735

Ave 35 97 203 263 288 316 375 427 225 58 25 20 2333

- From DWR (1987a). Dry yvears less than 50% of the 63-year
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Monthly Runoff

Data were developed to illustrate monthly streamflow patterns in

the lower Yuba River following completion of New Bullards Bar Dam.

These data were derived from records obtained from USGS and
compared to monthly unimpaired data from DWR (1987a) (Table 5,

Figure 5).

The difference between the unimpaired and impaired monthly flow
below Englebright can be attributed to the impacts of storage
upstream of Englebright Dam, channel loss, evaporation, and

diversion.

For example,

August, September, October, and November (Figure 5).

the impact of storage can be seen where
impaired flows exceed unimpaired flows as a result of water stored
during the wet period then released during the dry months of July,

The difference between monthly impaired flows as measured below

Englebright Dam and those near Marysville can be attributed to the

increased size of the watershed downstream near Marysville as

compared to the smaller drainage area at the station below

Englebright Dam (1,339 and 1,108-sq mi, respectively) and the

diversion of water near Daguerre Point Dam.

Typically,

the flows

near Marysville exceed'those below Englebright Dam during the wet
months of December through March when diversions do not occur,

Table 5.

Mean monthly flows for the lower Yuba River, California,

from monthly estimates of unimpaired flow at USGS gage station
11419000 located at Smartville for water years 1921-1983, and

from mean daily impaired flow records for water years 1969-1988
for USGS gage stations located below Englebright Dam (11418000)

—2and near Marysville (11421000),
Uni ired £l I iTed flow
At Below Near
Smartville Englebright Marysville
Month (cfs) (AF) (cfs) (AF) _{cfs) (AF)
Oct 569 35,000 1,397 85,899 1,251 76,922
Nov 1,627 96,790 1,777 105,740 1,700 101,159
Dec 3,309 203,440 2,706 166,388 2,862 175,980
Jan 4,285 263,490 3,887 239,006 4,513 277,498
Feb 5,180 287,700 4,051 224,984 4,976 276,357
Mar 5,147 316,490 3,434 211,152 4,249 261,265
Apr 6,310 375,460 2,920 173,755 3,148 187,322
May 6,936 426,510 2,580 158,640 2,216 136,259
Jun 3,774 224,570 2,259 134,422 1,803 107,288
Jul 949 58,380 1,762 108,343 1,280 78,705
Aug 400 24,600 1,896 116,582 1,47 90,450
Sep 341 _20,290 1,662 _98,897 1,489 _88,603
Total 2,332,730 1,823,808 1,857,808
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Figure 5. Comparison of mean monthly flows at selected USGS gage
stations located at Smartville (gage 11419000, estimated
unimpaired flows for water years 1921-1983), below Englebright
Dam (gage 11418000, impaired flows for water years 1969-1988),
and near Marysville (gage 11421000, impaired flows for water
years 1969-1988), lower Yuba River, California.

inflow from Deer and Dry creeks is greatest, and runoff from the
larger drainage area is greatest (Figure 5). Conversely, flows
near Marysville are less than those measured below Englebright Dam
during the months of greatest diversion, April through November.

Discussion

Below average water years present special problems. Sufficient
water may not be available during dry years to fully meet instream
and offstream needs. Thus, it is necessary to develop dry year
criteria. For these investigations, '"dry" hydrologic conditions
are defined as less than 50% of the 50-year average unimpaired
runoff of the Yuba River in acre-feet at Smartville for the
current water year.

Assessment of the current water year runoff can be determined from
DWR’s8 forecast of the current water year unimpaired runoff for
Central Valley streams which compares this forecast to the 50-year

- average. This report is published annually by DWR as the May 1.,
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o=

R x W ndi ns_i jfornia. The series of years
used to compute the 50~year average varies, but generally includes
the preceding 50 years immediately prior to the year of interest
and is updated every 5 years. For example, DWR’sS May 1, 1985
forecast for the Yuba River at Smartville was based on data from
water years 1931-1980 (DWR 1985), while for the May 1, 1987
forecast, the 50-year average was based upon data from water years

' 1936-1985 (DWR 1987b). The 50-year average values for the Yuba

River (at Smartville) during these 2 years were 2,297,000 AF and
2,460,000 AF, respectively, closely resembling the 63-year average
of 2,332,730 AF found in Table 4. Thus, for the water years 1985
and 1987, dry hydrologic conditions existed only for the 1987
water year when the forecasted annual runoff was 35% of the
50-year average or '"mormal'.

Identification of the frequency of dry year occurrence during the
63-year period (1921-1983) of estimated unimpaired flows at
Smartville cgntained in Table 4 is possible by applying this dry
year criterii; This is appropriate since the 50-year averages
cited for the 1985 and 1987 water years closely resemble the
63-year historical average. Doing so indicates 10 years can be
classified as "dry" or less than 50% of the average annual
unimpaired flow, while 53 years exceed the dry year status.

During critically dry years when water availability is less, flows
are often reduced according to a curtailment schedule. Thus, in
the event a dry year is identified, reductions to fishery flows
recommended by DFG and offstream diversions should be -ade on a
equal percentage basis. Such reductions should be based on water
available to permanent contracts existing on January 1, 1990.
Offstream contractual obligations and diversions made after
January 1, 1990 should be re iuced to zero before reductions in
fishery flows occur.

Congclugiong

The flow pattern of the lower Yuba River below Englebright Dam has
been altered due to projects for storage, diversion, and
hydroelectric power generation. Estimates of unimpaired flow
(without projects) indicate peak runoff typically occurs during
March through June while existing impaired runoff peaks during the
months of January through April.

Diversions out of the Yuba River basin upstream of and downstream
of Englebright Reservoir have reduced the flow at Marysville.

For the 63-year period 1921-1983 of estimated unimpaired flows at
Smartville, 10 years can be classified as 'dry" and less than 50%
of the average annual unimpaired flow, while 53 years exceed the
dry year status.

The difference between the unimpaired and impaired monthly flow
below Englebright can be attributed to the impacts of storage
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upstream of Englebright Dam, channel loss, evaporation, and
diversion. For example, the impact of storage can be seen where
impaired flows exceed unimpaired flows as a result of water stored
during the wet period, then released during the dry months of

October, November, July, August, and September.

Typically, the flows near Marysville exceed those recorded below
Englebright Dam during the wet months of December through March
when diversions do not occur. During the period, inflow from Deer
and Dry creeks is greatest. Conversely, flows near Marysville are
less than those measured below Englebright Dam during the months
of greatest diversion, April through November.

"Dry" hydrologic conditions are defined as less than 50% of the
50-year average unimpaired runoff of the Yuba River in acre-feet
at Smartville for the current water year as published annually in
the 1, Repor wa i ns i by DWR. 1In
the event a dry year is identified, reductions to fishery flows
recommended by DFG and offstream diversions should be made on a
equal percentage basis. Such reductions should be based on water
available to permanent contracts existing on January 1, 1990.
Post January 1, 1990 offstream contractual obligations and
diversions should be reduced to zero before reductions in fishery

flows occur.
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FISH COMMUNITY STUDIES ¢

Management of the fish resources in the lower Yuba River requires
understanding of the fish community composition and biology,
interactions of anadromous and resident fishes, and the influence
of abiotic and biotic conditions on fish abundance and
distribution.

To meet these information needs, surveys were conducted to assess
species composition, relative abundance and distribution, chinook
salmon growth rates and condition, and predation on juvenile
chinocok salmon.

Fish Species Composition,
R

Fish species composition, relative abundance, and distribution
were assessed using two methods, electrofishing and direct
under-water observation (snorkeling). Electrofishing was
conducted by boat to obtain data on secretive species
under-represented in snorkel surveys, and to obtain fish for
length, weight and age measurements, as well as for analysis of
stomach contents. Snorkel surveys were conducted primarily to
characterize juvenile salmonid habitat use during spring in all
habitats, including shallow near shore and riffle areas that were
inaccessible to boat electrofishing.

y in4d recedes
Species Composition Qoitey foted inH reec

Nine sites were electrofished during February and seven of the
nine sites during May 1987 (Figure 2). The two sites in river
reach three were not sampled in May. The sampling sites were
located within each of the four river reaches and were associated
with the IFIM sites except in river reach two where alternative
sites were selected. To insure adequate sampling coverage of a
site, three electrofishing runs (left river bank, center channel,
right river bank) were made at each site. The length of each site
was measured and the percentage of habitat composition visually
estimated. Because shallow water habitats (1.5 £t) were
inaccessible to the electrofishing boat, sampling was restricted
to deep pool, shallow pool, and run/glide habitats. o ¢

-

Snorkel surveys were conducted by a team of three/divers in each
habitat type (deep pools, shallow pools, run/glide, and riffles)
within each of the four reaches during May 1988,/ Because river
reach one was comprised almost entirely of deep pool habitat, only
deep pools were sampled. Three replicates of each habitat type
present within each river reach were surveyed, resulting in a
total of 39 sampling sites distributed throughout the study area.
Snorkel surveys were conducted in all four IFIM sites, as well as

. in other areas of the river. 1In study sites where the linear
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distance of the habitat was less than 300 ft, the entire length of
the habitat was sampled. In areas where the linear distance of
the habitat type exceeded 300 ft, observations were limited to a

o
-3
? 300~linear-ft sample of the habitat.

-
)

. Snorkel surveys were conducted using a team of three divers

| experienced in the underwater identification of fish.

Observations were made by the divers, positioned in a straight

+ line perpendicular to the shore, moving in the upstream direction.
The lateral distance between divers was based on underwater

! visibility, adjusted at each site to ensure complete visual

{ coverage of the area below the divers. In study sites where the

; river channel width exceeded the visual capability of the divers,
multiple longitudinal passes were made. To minimize double
counting of fish, the alignment and position of the divers in the
river channel and the lateral distance between divers was
maintained by verbal communication with a biologist stationed on
the shoreline. The number, life stage, and identification (lowest
taxonomic level possible) of fish observed was verbally
communicated to the data recorder on shore.

e

-
" “'.:-'—.. g

A1

LI B LV

Underwater visibility and water temperature were recorded at each
site immediately prior to making observations. Water depth and
velocity measurements were recorded at three equidistant points
along each of three transects distributed equally along the length
of the sampling sites and percent substrate composition was
visually estimated at each site subsequent to the completion of

snorkeling.

Lge OB IVRYEN L)Y TN T

f

A total of 1,707 fish representing 13 species and seven families
was wWer€ collected by electrofishing (Table 6). Three species were
collected in the Narrows Reach, ten species in both the Garcia
Gravel Pit and Simpson Lane reaches, and six species in the
Daguerre Point Dam Reach. Chinook salmon were found in all four
reaches, while rainbow/steelhead trout were found in all of the
reaches except the Narrows Reach. Species collected only in the
Simpson Lane Reach included Pacific lamprey, smallmouth bass, and
tule perch. Bluegill and speckled dace were collected only in the

Garcia Gravel Pit Reach.

A total of 8,815 fish representing 13 species and eight families
were observed by snorkeling during May 1988 (Table 7). Chinook
salmon and rainbow/steelhead trout were observed in all four river
reaches, and were the only fish species observed in the Narrows
Reach. Sacramento squawfish, Sacramento sucker, smallmouth bass,
and sculpin were represented in all three river reaches downstream
of the Narrows Reach. Tule perch and hardhead were observed in
the Daguerre Point Dam and Simpson Lane reaches, while speckled
dace were observed in the Garcia Gravel Pit and Daguerre Point Dam

reaches.

%
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Table 6. List of fishes (all age classes) collected by
electrofishing in the lower Yuba River, California, February and
May 1987.

Species River reach*

Ccommon name abprgvxat;pn 1 2 3 4 Total
Pacific Lamprey - - - 13 13
Chinook salmon CHIN 10 387 82 352 831
ainbow trout RT - 7 - 4 11
Steelhead trout SH - 4 2 2 8
Speckled dace SDC - 10 - - 10
Hardhead HH - 15 1 - 16
Sacramento squawfish SQ - 91 6 32 129
Sacramento sucker SKR 2 386 23 128 539
Smallmouth bass SMB - - - 3 3
Green sunfish GS 1 1 - 1 3
Bluegill BG - 1 - - 1
Tule perch TP - - - 72 72
Riffle sculpin RSC - 18 3 __50 71
Totals 13 920 117 657 1,707

* River Reach: 1 = Narrows Reach; 2 = Garcia Gravel Pit Reach;
3 = Daguerre Point Dam Reach; and 4 = Simpson Lane Reach.

?
Obsmud"7
Table 7. List of fishes (all age classes) collected by snorkeling
in the lower Yuba River, California, in May 1988,

Species River reach*
common name abbreviation 1 2 3 4 Total
Pacific Lamprey Lp 0 6 16 89 111
Chinook salmon CHIN 6 3,108 611 587 4,312
Rainbow trout(juv) RT 3 1,649 143 34 1,829
Rainbow trout(adlt) RT+ 0 19 9 16 44
Unidentified salmonids us 0 117 0 0 117
Speckled dace DC 0 172 15 0 187
California roach RCH 0 20 0 0 20
Hardhead HH 0 0 7 5 12
Sacramento squawfish(juv) SQ 0 89 236 436 761
Sacramento squawfish(adlt) SQ+ 0 23 55 11 89
Unidentified cyprinids uc 0 2 0 77 79
Sacramento sucker(juv) SKR 0 224 18 84 326
Sacramento sucker(adlt) SKR+ 0 403 228 29 660
Mosquitofish MF 0 0 0 8 8
Smallmouth bass SMB 0 1 2 1 4
Redear sunfish RSF 0 0 5 0 5
Tule perch TP 0 0 92 118 210
Riffle sculpin RSC -0 12 24 5 4

Totals 9 5,845 1.461 1,500 8.815

* River Reach: 1 = The Narrows Reach; 2 = Garcia Gravel Pit
Reach; 3 = Daguerre Point Dam Reach; and 4 = Simpson Lane
Reach.

+ 1Indicates adult stage (see also Figure 7).

~26-

C—066798

C-066798



! AP,
R
{l Ay (:\‘?,{9‘;?&
@ 51"’ &

. No American shad were seen in either snorkel or electrofishing
samples possibly due to the low water conditions experienced
during the spring of 18987 and 1988. Although not all species

' noted in earlier studies by Beak (1976) (Table 1) were observed

during this investigation, two additional species were observed
(tule perch and redear sunfish).

Species Relative Abundance and Macrohabitat Use

Relative abundance estimates calculated for all electrofishing
sampling sites and periods combined, indicate that chinook salmon
and Sacramento sucker were by far the most abundant species,
comprising 49% and 32% of the total catch, respectively (Figure
6). These two species were followed in abundance by Sacramento
squawfish (8%), tule perch (4%), and riffle sculpin (4%). All
other species individually represented less than 1% of the total
number of fish collected. Differences in relative abundance
between results of electrofishing and snorkeling may be due to the
difficulty of electrofishing the higher velocity areas with the
electrofishing boat, such as that found in riffle habitat.

Relative abundance estimates calculated from snorkeling
observations showed chinook salmon as the most abundant fish
species, representing 49% of the total number of all fish observed

(Figure 6).

- RSC . Elecrofishing

™
BG
GS
RSF
sMB

¥/4 Snorkeling

Lo Ll 2222727 2

SKR
uc

SQ

Ko 2l 20 070 Ldd

nwmMm—Omon

RCH
oC
us
RT

CHIN

l“ PERCENT

' Figure 6. Overall relative abundance (percent of total number) of

all fish species collected by electrofishing and observed by
snorkeling in the lower Yuba River, California. Species
abbreviations are presented in Tables 6 and 7.
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Chinook salmon were followed in abundance by rainbow/steelhead
trout (22%). Following the salmonids in abundance were Sacramento
sucker (11%) and Sacramento squawfish (10%). The remaining
species individually represented less than 2% of the total number

of fish collected.

Certain species exhibited trends in habitat type use. Chinook
salmon densities were greatest in riffle and deep pool habitats
(Figure 7). Nearly all of the salmon found in deep pool habitat
were observed in the fast water component that entered at the head
of the pool hydraulically similar to the conditions found in
riffle and run/glide habitats. Rainbow/steelhead trout, speckled
dace, and Pacific lamprey densities were highest in the fast water
habitats (i.e., riffle and run/glide). This preference for high
velocity habitat by rainbow/steelhead trout may explain why they
were not found in abundance in results of electrofishing as
compared to snorkeling since it was difficult to sample riffle
habitat with the electrofishing boat. 1In contrast, adult
Sacramento squawfish and Sacramento sucker were most abundant in
deep pools, while the young of these two species displayed high
densities in both deep and shallow pools.

R . n

Lengths and weights of juvenile chinook salmon captured by
electrofishing were used to assess seasonal fish growth and
calculate condition factors. Length-frequency distributions were
generated for February and May collections. Average lengths of
juvenile chinook salmon were calculated for each river segment for
the February and May sampling (Table 8). Condition factors (K)
were calculated according to Carlander (1969).

Table 8. Average fork lengths (in) and condition factor of
juvenile chinook salmon captured by electrofishing during

February and May in the lower Yuba River, California. Sample
size in parenthesis.
VR ¥ River reach
AT A PR - Garcia Daguerre
Coirt Survey Gravel Point Simpson
period Narrows Pit Dam Lane
Eﬁ%; Average fork length:
Y i:ig:r February 1.87(8) 1.51(266) 1.57(82) 1.68(292)
May 2.40(2) 2.34(111) - 2.69(60)

——p
juns fakfiCondition factor:

Lasen §

% Jsaler ) _+ y 1,14(9)
fgh»br#fahbvﬁh¢4ﬁh§

sl-Pone

1.J4L3.Q£bf.9...2ﬂ.62)
ks Eggfquiaaiab, -
’;AM48 .
The average length of juveniles found in the Simpson Reach was

greater than those in the upstream reaches except for the February

sample in the Narrows.
larger mean length.
from February to May.

The small sample size may explain this
Growth of fish within each reach is apparent
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Figure 7. Average fish densities (fish per 1,000 linear ft) of
all species observed by snorkeling in deep pool, shallow pool,
run/glide, and riffle habitat types in the lower Yuba River,
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California, May 1988. Vertical bars equal + the standard error

Species abbreviations are presented in Tables 6

-29-

C—066801
C-066801



e
W{‘Be“’”‘w o K- A.,.M,;rg (o sondibion ,ll‘a[ma~
WM\K ﬁlb Loy me r—_"»ﬁsqlbﬂl

Average condition factor for 568 juvenile chinook salmon collected
in February was 1.11, while that of 170 fish collected in May was
1.16. The average condition of fish during the February and May
sampling in the Daguerre Point Dam Reach (0.90) was notably lower
than that of fish in the other three reaches (1.14-1.16) (Table
8). This may be the result of stress emigrating salmon experience
with passage by the dam or a reduced food supply in the area.
Sampling at this site was conducted only in February since
sampling was not possible in May due to the release by DFG of
coded-wire tagged juvenile chinook into the sampling site area.

o
K o, yconclugions
e
‘S:(,*‘(: ¥ Electrofishing indicated that chinook salmon was the most abundant
"_*,l,‘f)(‘ species found in all four study reaches. Snorkeling observations
‘5 .D“'}‘ indicated rainbow/steelhead trout were found in all four reaches
as well. No American shad were observed in any reach using either

‘\:a,d\c( technique.

#’9‘” A Young chinook salmon showed highest densities in riffle and the
fast water component of deep pool habitats. Rainbow/steelhead
U%eb' trout abundance was highest in the fast water habitats, riffle and

uﬂ %i run/glide.
/ Calculations of chinook salmon condition factors showed an

increase from 1.11 to 1.16 from February to the May sampling.
Those fish sampled in the Daguerre Point Dam Reach had the lowest

condition factor (0.90).
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HABITAT CRITERIA

Habitat needs of fall- and spring-run chinook salmon, steelhead
trout, and American shad in the lower Yuba River vary with the
season of the year and the stage of their life cycle. Upstream
spawning migration of adults, spawning, incubation, fry and
juvenile rearing are the major life stages for these species.
Water depth and velocity, substrate composition, and water
temperature are habitat criteria used most often to describe
habitat needs. Bovee (1986) defines habitat criteria as a set of
characteristic behavioral traits of a species that establish
standards for comparison.

A major goal of the lower Yuba River studies was to determine the
relationship between usable fish habitat and discharge for these
species through use of the Instream Flow Incremental Methodology
(IFIM). Thus, an evaluation of microhabitat use was conducted to

develop habitat criteria for use in the IFIM.

Another major study element was to evaluate water temperatures
existing downstream of Englebright Dam. Therefore, temperature
criteria were developed for spawning migration, spawning,
incubation, and fry and juvenile rearing life stages from west
coast literature to provide a reference point to which lower Yuba
River temperature conditions can be compared.

Evalyation of Microhabitat Use

Studies were conducted in the lower Yuba River to develop
microhabitat use criteria for mean column velocity, total mean
depth, and substrate for various life stages of chinook salmon,
steelhead trout, and American shad. Sufficient data were
collected through direct observation of individual fish to
describe each of three chinook salmon life stages: (1) fry < 2 in
TL, (2) juveniles > 2 in TL, and (3) spawning adults.

Insufficient numbers of steelhead trout or American shad were
observed during the 1987 field season to allow development of
habitat criteria for these species.

The following parameters were measured for each observation: mean
column velocity, total depth, and redd substrate composition.
Water velocities were measured with a Marsh-McBirney current meter
to the nearest 0.01 ft/s parallel to the current according to
Trihey and Wegner (1981). Total depths were measured in metric
and English units with USGS top-setting rods. Redd substrate
composition was visually estimated and described using fifteen

size categories (Table 9).

Total depth and mean column velocity criteria for each life stage
were developed by applying the non-parametric tolerance limits
method to the frequency of use distribution (Somerville 1958;
Remington and Schork 1970; Bovee 1986). The non-parametric
mlcmlmbi‘l‘n‘{' Use (days Sa/"f/?d) Sove .Cyaa{m‘a catletrd | ~ W‘M
li Flow (A7-390 Fry Febl,2 HA87 ¢ «-371- weay M fime Tl inwnbe & cojlected J
Me-Hie  dvv ppr, | 2T-MAay {1998 o‘#w,p/ous ‘l‘"\‘in eccorred r';:d""'"
M;‘V'
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tolerance limits method involves calculation of cumulative
frequencies in 0.1 ft or ft/s increments using both zero depth and
zero velocity as individual intervals. Non-parametric tolerance
limits were applied to each use frequency distribution and the use
??gge? were developed following the methods prescribed by Bovee

6

Substrate criteria were further developed by combining the 15
defined substrate categories into the nine broader particle size
classes of the commonly used Brusven Substrate Index (Brusven
1977) (Table 9). Criteria were developed using only the dominant
substrate particle size because the sample size was too small to
develop dominant-subdominant criteria. For each observation, the
substrate category that contained the greatest percentage of
material was defined as the dominant particle size (Aceituno et
al. 1985). When substrate abundance was equal between substrate
categories, dominance was assigned randomly. Observation
frequency-of-use for each substrate category was summarized and
normalized to develop habitat use functions.

Table 9. Classification system used for estimating substrate
composition during fish habitat use observations in the lower
L California, 1986-1987,
Substrate code Brusven (1977)

for recor@ing substrate code Substrate

va n

1 1 organic debris -

2 1 mud-soft clay <0.002

3 1 silt <0.002

4 1 sand 0.002- 0.10
5 1 coarse sand 0.10 - 0.25
6 2 small gravel 0.25 - 1.00
7 3 medium gravel 1.00 - 2.00
8 4 large gravel 2.00 - 3.00
9 5 small cobble 3.00 - 6.00
10 6 medium cobble 6.00 - 9.00
11 7 large cobble 9.00 -12.00
12 8 small boulder 12.00 -24.00
13 9 medium boulder 24.00 -79.00
14 9 large boulder >79.00
15 9 bedrock -

Fall-Run Spawning Chinook Salmon Criteria

Fall chinook salmon spawning habitat use data were collected
November 17-22, 1986 at three locations: (1) below and near
Highway 20 Bridge crossing, (2) below and within 1/4 mi of
Daguerre Point Dam, and (3) near Plantz Road (Figure 2).
Streamflow above and below Daguerre Point Dam varied from 820 to
858 cfs and 616 to 647 cfs, respectively, during sampling.

-32-
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Occupied salmon redds were preferred for spawning habitat
measurements, but vacant redds were also measured if recent
completion was evident and hydraulic conditions had not changed
significantly subsequent to completion. Each redd examined was
individually flagged to prevent re-sampling.

At a redd location, measurements of mean column velocity, total
depth and substrate were made to approximate habitat conditions
prior to gravel disturbance caused during redd construction. Aall
measurements were made 0.5 ft upstream of the leading edge along
the mid-line of the redd. Sampling for spawning chinook salmon
{ielded 154 observations of habitat use for depth and velocity
Table 10).

Observations of total depth over redds ranged from 0.35 to 3.25 ft
with the mean depth at 1.45 £t (+ 0.54 S.D.) (Table 10). Fifty
percent of the observations were in the depth interval 0.95-1.85
ft, which was assigned a use value of 1.00 (Table 11, Figure 8).

A depth of 0.45 to 2.85 £t defined the 95% observation range, and
was assigned a use value of 0.50. Compared to salmon spawning
depth criteria for the Mokelumne River (Envirosphere 1988) and
previously published criteria for other rivers (Bovee 1978; Vogel
1982; DFG 1990; Hampton 1988), depth ranges and maximum
probabilTEIies™0 ﬁEE'SEH’HBEElumne river distributions are very
similar. In the Yuba and Mokelumne rivers, spawning chinook
salmon utilized greater depths than reported by Bovee (1978) for
several rivers and Vogel (1982) for Battle Creek, a tributary tox
the Sacramento River. S T m g
Observations of mean column velocity use over redds ranged from
0.0 to 4.55 ft/s with a mean of 2.26 ft/s (+ 0.85 S.D.) (Table
10). Velocities within the range 1.55-2.95 ft/s accounted for 50%
of the observations and was assigned a utilization value of 1.00
(Table 11, Figure 9). The upper and lower limits for the 95%
observation interval were 4.45 and 0.35 ft/s, respectively.

Table 10. Habitat use observations for three life stages of
fall-run chinook salmon in the lower Yuba River, California,

1986-1987,

Sample
coefficient
Sample Sample of variation
size range Mean+SD Median (%)
Mean column velocity (ft/s):
Fry 180 0.00-2.15 0.34+0.45 0.11 134
Juvenile 499 0.00-3.15 0.96+0.64 0.75 76
Spawning 154 0.00-4.55 2.26+0.85 2.27 38
Total depth (ft):
Fry 180 0.35-3.15 1.22+0.61 1.15 50
Juvenile 500 0.15-2.95 1.06+40.57 0.95 54
Spawning 154 0.35-3.25 1.45+0.54 1.47 37
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Table 11.

Total depth

1986-1987.

Criteria developed by

Total depth and mean column velocity habitat use criteria
for fry, juvenile, and spawning fall-run chinook salmon in the
lower Yuba River, California,

the non-parametric tolerance limit method,

Mean column velocity
\

P equals the proportion of the population between the rth
smallest and the sth largest value in a random sample of N from

a population having a continuous but unknown distribution
function (Somerville 1958).

Use probability equals 2(1-P).

-34-
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Midpoint Tolerance Midpoint Tolerance
of depth limit of Use of velocity limit of Use
interval P at the probability interval P at the probability
(ft) 90 * X+ ) 90% CL* index+
Fry:
0.00 0.00 0.00 0.00 0.90 0.20
0.25 0.00 0.00 0.05 0.50 1.00
0.35 0.95 0.10 0.45 0.50 1.00
0.45 0.75 0.50 1.05 0.75 0.50
0.75 0.50 1.00 1.25 0.90 0.20
1.45 0.50 1.00 1.85 0.95 0.10
2.15 0.75 0.50 2.25 0.00 0.00
2.25 0.90 0.20
2.85 0.95 0.10
3.25 0.00 0.00
Juvenile:
0.00 0.00 0.00 0.00 0.95 0.10
0.15 0.95 0.10 0.05 0.90 0.20
0.25 0.90 0.20 0.35 0.75 0.50
0.45 0.75 0.50 0.55 0.50 1.00
0.55 0.50 1.00 1.25 0.50 1.00
1.45 0.50 1.00 1.75 0.75 0.50
1.78 0.75 0.50 2.25 0.90 0.20
2.25 0.90 0.20 2.95 0.95 0.10
2.45 0.95 0.10 3.15 0.99 0.02
2.95 0.99 0.02 3.25 0.00 0.00
3.05 0.00 0.00
Spawning:
0.00 0.00 0.00 0.00 0.95 0.10
0.25 0.00 0.00 0.35 0.95 0.10
0.45 0.95 0.10 0.85 0.90 0.20
0.65 0.90 0.20 1.25 0.75 0.50
0.75 0.75 0.50 1.55 0.50 1.00
0.95 0.50 1.00 2.95 0.50 1.00
1.85 0.50 1.00 3.25 0.75 0.50
2.15 0.75 0.50 3.85 0.90 0.20
2.55 0.90 0.20 4.45 0.95 0.10
2.85 0.95 0.10 4.65 0.00 0.00
3,35 0.00 0,00
*
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Greatest habitat use for the Mokelumne River was for the velocity
2.70 ft/s (Envirosphere 1988). The frequency of use distributions
for the two rivers were sgsimilar to those reported by Kurko (1977) -

\g for the Skagit River, Washington, Vincent-Lang et al. (1984) for
y the Sacramento River, California, and Hampton (198 ) _for the>™* jS

/

4

tributaries of the Middle Susitna River, Alaska, DFG 1290)_for -I
ww;mamﬁ" spawning fish in thé Yuba and &
Mokelumne rivers use faster velocity water than reported by Bovee |
(1978).

Sampling of spawning chinook salmon substrate use was restricted
to 146 observations. Conditions upstream of eight redd sites were
disturbed, preventing substrate evaluation (Table 12). Dominant
substrate use for redd construction in the lower Yuba River by
spawning chinook salmon was greatest for small cobble (3 to 6 in
in diameter). This is substrate code 5 and received a utilization
value of 1.00 (Table 12, Figure 10). The next greatest dominant

/ﬂq}afhnyﬁzﬁ

A
H

M 316 ot Lo VHsrrcod Kt
gelead Lo

wee
7

N

} 33 particle size was large gravel (2 to 3 in in diameter) with a

Q 3 & substrate code of 4 and assigned a utilization value of 0.56.

*=I W Envirosphere (1988) reported Mokelumne River substrate utilization

was the same as for the lower Yuba River for substrate codes 5, 6,
and 7 while no utilization was noted for substrate codes 1 through
4. DFG (1990) and Hampton (1988) reported substrate code 4 as the
dominate particle size for the Sacramento and Trinity rivers,
respectively.

~a Fall-Run Fry Chinook Salmon Criteria

ng~.8ampling for fry and juvenile chinook salmon life stages was

S, conducted by an underwater observer. Measurements of habitat use

}ii were based upon direct observation of fish. Each individual fish
%y observed was counted as one sample. The observer marked each site

3 for mean column velocity, total depth, and substrate measurements.

§

Criteria development for the chinook salmon fry life stage was
based upon sampling during the first two days of February 1987 at
the Hallwood Avenue site (Figure 2). Mean daily flows at the USGS
gage near Marysville were 697 and 890 cfs, respectively (USGS

|
I
1987). i
i
|

Wene
$n

Fry use observations for total depth and mean column velocity were
based upon 180 fish. Fry were observed in depths ranging from
0.35 to 3.15 ft (Table 10). Fifty percent of all use observations
were within 0.75 to 1.45 ft, and a use criteria of 1.00 was
assigned to this range (Table 11, Figure 11). The 95% range of
ocbservations was from 0.35 to 2.85 ft. An index of 0.10 was
assigned to this range. Depth utilization in the Mokelumne River
(Envirosphere 1988) was highest at 1.70 ft, compared to 0.75 to

1.45 £t in the Yuba River, 23112¢2§§5L1990! and Hampton (1988), NE
xeported maximum preference between 0.75 and 175 ft for Otheg t
Galifornia rivers. ]
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Mean column velocity used by fry ranged from 0.0 to 2.15 ft/s .
(Table 10). Fifty percent of the habitat use observations were b
within the 0.05 to 0.45 ft/s range resulting in a maximum criteria ,
value of 1.00 (Table 11, Figure 12), which is similar to use in ]I
the Mokelumne River (Envirosphere 1988), and as reported in other ... %
rivers by Burger et al. (1982), DFG (1990), and Hampton (1988). .
The limits for the 95% interval were 0.0 to 1.85 ft/s. .
Table 12. Dominant substrate utilization criteria for spawning
chinook salmon in the lo- ¢ iv ni 1 -1987 '
Brusven (1977)
substrate code
normalized ‘
for data Substrate Size Frequency Use
n in s i X .
coarse sand & fines <0.25 8 0.14
small gravel 0.25 ~ 1.00 8 0.14
medium gravel 1.00 - 2.00 25 0.45
large gravel 2.00 - 3.00 32 0.57
small cobble 3.00 - 6.00 56 1.00
medium cobble 6.00 ~ 9.00 16 0.29
large cobble 9.00 ~-12.00 1 0.02
small boulder 12.00 -24.00 0 0.00
medium boulder to 224.00 0 0.00

bedrock -
Total 146

ﬁ

VOO BWN =

Fall-Run Juvenile Chinook Salmon Criteria

sampling conducted from April 27 through May 1, 1988 at the Plantz
Road site and Hallwood Avenue site downstream of Daguerre Point
Dam (Figure 2). Streamflow at the Marysville gage ranged from 346
to 416 cfs during the survey.

Criteria development for the juvenile life stage was based upon ll
The range of total depth used by juvenile chinook salmon was 0.15

to 2.95 £t with a mean depth of 1.06 £t (+ 0.57 S.D.) (Table 10). ll
The 50% observation range for the use distribution was 0.55 to

1.45 ft with use index calculated at 1.00 (Table 11, Figure 13). -
Depth of highest utilization reported by Suchanek et al. (1984) !I
for tributaries of the Susitna River, Alaska, was between 1.0 and

1.55 £t, Bovee (1978) reported maximum use of depth >1.5 £t in

several Idaho river systems, while for California rivers, maximumg
preference was for depths >1.0 ft in the Trinity River (Hampton f“
1988) and >3.0 £t in the Sacramento River (DFG 1990).

Mean column velocity used by juveniles ranged from 0.0 to 3.15 ]I
ft/s (Table 10). The maximum use index value of 1.00 encompassed

the range 0.55 to 1.25 ft/s (Table 11, Figure 14). Velocities of

0.0 and 2.95 ft/s defined the limits of the 95% observation range,
receiving a utilization value of 0.10. Juveniles in the lower

[
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Figure 10. Chinook salmon spawning substrate use frequency and
use probability in the lower Yuba River, California.
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probability in the lower Yuba River, California.

FREQ == PROB

" 1.00
- 0.90
 0.80
- 0.70
F 0.60
r 0.50
r 0.40
- 0.30
+ 0.20
F 0.10
................ 0.00

050 1.00 150 2.00 250 3.10
ME AN COLUMN VELOCITY (ft/s)

N=180

munc

<OoO2MmMCcomMyM

<A—-r—-w »woOoXNTV MOC

Figure 12. Chinook salmon fry mean column velocity use frequency

and use probability in the lower Yuba River, California.
~39-~

i
i
!
I
i
i
|
|
‘
I
!
1
1
i

C—066811
C-066811



)

FREQ = PROB

70 1
60 1
S0 -

40 -

<OZMcomam mnc
“.
(o]
A

L =4~CF~WrprVoTv muc

0.00 0.50 1.00 1.50 2.00 230 3.00
TOTAL WATER DEPTH (ft)

Figure 13. Chinook salmon juvenile total depth use freguency and
use probability in the lower Yuba River, California.

v

-

FREQ === PROB

.
-‘) (-l

r1.00
U 704 £ 0.90 S
S E
, E 60 4 - 0.80
l -  0.70 :
_ R r0.60 o
& g 40 1 . 050 B
. A
l u 30 040 )
N 201 030 |
' N bo20 L
l C 10§ ]
Y F 0.10 ¢
o~¥ 000 Y
I 0.00 0.50 1.00 1.50 200 250 3.00
. MEAN COLUMN VELOCITY (ft/s)
l Figure 14. Chinook salmon juvenile mean column velocity use

frequency and use probability in the lower Yuba River,
California.

'v ~-40-

C—066812
C-066812



T

I

i )

Yuba River utilized somewhat higher velocities than reported by
Suchanek et al. (1984) and Bovee (1978) where maximum utilization
was 0.30-0.70 ft/s and 0.60 ft/s, respectively. Maximum
preference reported by DFG (1990) and Hampton (1988) was 0.5 ft/s
and 0.0 ft/s, respectively.

Steelhead Trout Criteria

Evaluation of microhabitat for steelhead trout was not possible
since extensive examination of the lower Yuba River failed to
locate sufficient numbers to allow habitat use data to be
prepared. In the absence of data collected specifically for the

¢ lower Yuba River, it is the DFG’s policy to use habitat criteria
presented by Bovee (1978) for the fry, juvenile, and spawning life
stages.

r T rature — This neecdo a Hhoromh review,

Water temperature is a primary factor affecting growth and
survival of fishes in the lower Yuba River. Because of limited
temperature tolerance, chinook salmon, steelhead trout, and
American shad are more susceptible to temperature related problems
of stress than are other species of the lower Yuba River (e.g.,
Sacramento sucker, hardhead, and Sacramento sguawfish). There is
a preferred water temperature range at which growth and survival
are optimum for each of these species of concern. Generally as
temperatures increase above these preferred ranges, mortality
rates increase, growth is reduced, and susceptibility of the fish
to disease increases. Temperatures below these preferred ranges

result in reduced growthzf%v“ay__hr+Aipa,¢p~44AL~e¢,

Table 13 summarizes/ggzppublished literature of Pacific Coast
water temperature preferences for fall- and spring-run chinook
salmon, steelhead trout, and American shad. Where possible,
preferred water temperatures were selected from river systems
similar to the Yuba River, such as the Feather River and American
River. The temperature ranges were selected where they could be

associated with a life stage that was identified by the respective

author. The life stages are: spawning migration, spawning, egg
incubation and emergence, fry rearing, and juvenile rearing.

Fall-Run Chinook Salmon

The preferred range for fall-run chingok salmon upstream migration
8

is 44.1-57.5°F, spawning is 41.0-57.0°F, eqgg incubatiog through
fry emergence is 41.0-57.9 F,ofry rearing is 44.6-57.2°F, and
juvenile rearing is 45.1-58.3°F (Table 13).

Spring~Run Chinook Salmon

The preferred temperature range of 37.9-55.9°F for spring-run

chinook salmon migration is lower than for fall-run at 44.1-57.5°F

(Table 13). The spring-run period of summer holding in deep
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pools, commonly found in upstream canyon areas, necessitates
tolerance of warmer water temperatures that should seldom exceed
69.8-77.0°F (Moyle 1976). Studies by USFWS staff on the Trinity™}
River suggess spring-run chinook salmon select water temperatures gfffg 5
less than 60°F (R. Brown, USFws6 Lewiston, CA, per. comm. 1990). 4 1
However, Bell (1986) cites 77.0°F as the upper incipient letha®~
level for chinook salmon. Boles et al. (1988) states the maximum
temperature for maintenance of adult chinook salgon in the river
while eggs are maturing should be lsss than 60.0°F. Preferred
spawning temperatures are 40.0-57.0 F and the prefersed water
temperature range for egg incubation is 41.0 to 57.9°F, the same

as for fall-run. No reference for fry and juvenile rearing
temperature requirements were found, but are assumed to be the

same as for fall-run.

Table 13. Preferred water temperature g°F1 ranges for various
life stages of fall- and spring-run chinook salmon, steelhead

—trout, and Amerjcan shad.
Chinook salmon Steelhead American
Fall-Run Spring-Run Trout Shad
Spawning migration:
49.0-57.5 a/ 37.9-55.9 a/ 46.0-52.0 b/ 57.2-66.2 £/ oo
44.1-55.9 b/ 48.9-54.0 a/- %"
61.0-64.9 b/
Spawning:
42.1-57.0 ¢/ 42.1-57.0 ¢/ 39.0-48.9 a.c/ 60.1-70.0 g/
44.1-55.9 b/ 40.0-55.0 g/ 46.0-52.0 b/ 59.9-70.0 a/
41.0-56.0 g/ 61.0-64.9 b/ low
Egg incubation and emergence:
41.0-57.9 ¢/ 41.0-57.9 ¢/ 50.0 a/ 60.8-65.3 £/| -
46.0-54.0 b/ 48.0-52.0 b/ 57.9-66.0 a/ " )
61.0-64.9 b/

Fry rearing:
44.6-57.2 e/ - §5.0-60.1 b/ 59.9-69.8 £/
53.1-55.9 b/

Juvenile rearing:

45.1-58.3 ¢/ 45.1-58.3 ¢/ 59.9-69.8 £/
53.1-55.9 b/ 55.0-60.1 b/

a/ Bell (1986) e/ Raleigh et al. (1986)

b/ Rich (1987) £/ Painter et al. (1979)

¢/ Reiser and Bjornn (1979) g/ Painter et al. (1977)

4/ Chambers (1956) ?
Cohas is 0Lt 2hal, 1928% (i dim % ¥2)!
e~ o Shﬁktéknft#z,iztskad'z
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Steelhead Trout

The preferreg temperature range for steelhead spawning migration
is 46.0-52.0°F, while the preferred temperature range for spawning
is 39.0-52.0°F, and thg preferred range for incubation and
emergence is 48.0-52,.0°F (Table 13). Fry and juvenile rearing
requiremegts follow with 3 preferred temperature range of
55.0-60.1°F and 45.1-60.1"F, respectively.

American Shad

The preferred temperature range for American shad spawning
migration is about 48.9-66.2 F (Table 13). Spawning Snd egg
incubatiog preferred temperatures are about 59.9-70.0°F and
57.9~66.0°F, respectively._ Preferred fry and juvenile rearing

requirements are 59.9—69.8°F.

Dj i on

American shad habitat criteria have not been developed for use in )

the IFIM from observations of shad using the lower Yuba River.

DFG has no set of criteria in the absence of on-site criteria .

since Bovee (1978) does not contain criteria for American shad.&=A{gﬁJl

The criteria used in this investigation are based on available *

information and DFG unpublished data. Additional on site studies ‘
1)

| o )
- e A by W T B

are needed to develop on site criteria to refine the
habitat/discharge relationships for this species. American shad
habitat requirements may be so unique and critical _that £
successful upstream migration, spawning, incubation, and fry and
juvenile rearing, criteria in addition to depth, velocity and

substrate may need to be developed.
é?n@,4<n7uhé2§2~e,,
n ion

Lower Yuba River habitat use criteria for total depth and mean
column velocity for the three life stages of chinook salmon
investigated are reasonably similar to criteria reported in the
literature. Substrate criteria for the spawning life stage are
also similar to other reported values. These criteria are of
sufficient quality to use in evaluating the effects of incremental
changes in discharge on the quantity of physical habitat available
to fall-run chinook salmon. Insufficient spring-run fish were
observed to develop criteria for that race and habijat criteria
were not available from the literature for.all life stages.” "Thus,
in¥ormation Colla&cted ForYUBE~ River fall-run chinddk is-believed
to be the most useful in describing the needs of Yuba River
spring-run chinook salmon and was used in the analysis of
spring-run needs.

-
In the absence of habitat use data for Yuba River steelhead trout, }
use criteria for depth, velocity, and substrate taken from Bovee
(1978) were used for the life stages of fry, juvenile, and
spawning.
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The preferred temperature criteria developed in Table 13 are
assumed to be applicable to the anadromous species of the lower
Yuba River. Where more than one author is cited for a life stage
and species, there is close agreement of preferred temperature
requirements for all species considered. 1In addition, preferred
temperatures for fall- and spring-run chinook salmon and steelhead
are very similar. No information was available for the spring-run
life stages of fry and juvenile rearing and are assumed to be
similar to those for fall-run chinook salmon.

Does £his velideAe (ritercc? No!
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WATER TEMPERATURE

Water temperature in the lower Yuba River is affected by the
operations of Englebright and New Bullards Bar reservoirs.
Existing water temperatures were examined to determine existing
water temperature regimes. Water temperature/flow relationships
were modeled using the Stream Network Temperature Model (SNTEMP)
(Theurer et al. 1984). Results of these studies are used to
identify temperature conditions of the lower Yuba River, and to
evaluate conditions that could adversely affect aquatic life.

Late-spring, summer, and early-fall water temperatures in the
lower Yuba River primarily are a function of the release water
temperature and magnitude of flows released from Englebright and
New Bullards Bar reservoirs. The capacity of Englebright (70,000
AF) is relatively small, and the pool of cooler water available
for use in controlling late spring, summer, and early fall
temperatures is limited. Completion of New Bullards Bar Reservoir
in 1969 greatly enhanced storage (961,300 AF) on the river, and
the opportunity to use the increased volume of cool water to
reduce water temperatures in the lower Yuba River. The dam is
equipped with a adjustable subsurface intake to enable the YCWA to
control downstream water temperatures.

Application by YCWA for Davis-Gru sky Grans funding dMED
providing temperatures between 46, F and 565 _during ‘le period
October, 1. through. March,31Gwzthmxeasonableﬂsfﬁoxks to maintain’a
constanf_temperature.of 52°F_in the spawning area (DWR_1966). BV}
mutual agreement between DFG and YCWA, temperature has “been é
controlled since completion of the project by operating the 1
facility twice each year: changing to the high level outlet in *g
April and then to the low level outlet in September (Donn Wilson, E
YCWA, per. comm. 1991). This twice yearly operation has reduced
temperatures during the October through March period, but the
temperature goals have not been fully achieved, particularly
during October and early November (Figure 15). -

- e,

The results of these temperature studies are interpreted with
respect to published literature on water temperature preferences
for fall- and spring-run chinook salmon, steelhead trout, and
American shad. Table 13 summarizes the published information of
Pacific Coast water temperature preferences for these species and
provides a reference point to which lower Yuba River temperature

conditions may be compared.

Existing Water Temperature

The effects of increased storage capacity and dam operations on
water temperature are evident from comparison of lower Yuba River I'
temperatures near Marysville prior to and after construction of
New Bullards Bar Dam. Daily maximum and minimum temperatures near .
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Marysville for the period 1963-1969 (prior to operation of the
dam) and for the period 1972-1976 (during operation of the dam)
are shown in Figure 15. The data are incomplete for mid-September
to early October 1974 maximum temperatures, and for early October
1975 minimum temperatures. Increased storage capacity has little
influence on river temperature from mid-December through early
March. However, from early March through mid-June, water
temperatures tend to be increasingly warmer as spring progresses
than they were before New Bullards Bar Dam was constructed. From
early July through mid-December, temperatures are generally cooler
due to operation of the enlarged dam.

Patterns of existing water temperatures in the lower Yuba River
are due to a variety of factors in addition to the temperature of
water released from New Bullards Bar and Englebright dams. These
include: solar heating or cooling in transit to the confluence
with the Feather River, transit time, and diversion rates.

Potential Effects of Existing
r mperatur n _Anadromous Fi

Water temperature records at USGS gages below Englebright Dam and
near Marysville were used to assess the potential effects of
prost-new Bullards bar dam water temperatures in the lower Yuba
River on fall- and spring-run chinook salmon, steelhead trout and
American shad. The most consistent recent period of record for
these gages is for the 1973 through 1978 water years where the
data were reduced to mean weekly water temperatures to illustrate
general trends. No temperature records are available following
the 1978 water year.

Mean weekly maximum and minimum water temperatures for each water
year are shown in Figure 16. The mean weekly minimum temperature
below Englebright Dam and the mean weekly maximum temperature near
Marysvillz approximate the range of temperatures in the lower Yuba
River. Tge annual range of mean weekly temperatures varied from
40.1-81.5"F. The 1973, 1976 and 1977 water years were o
characterized by higher annual temperaturs range (40.1-81.5"F)
than were 1973, 1975, and 1978 (41.9-72.5F). Lower Yuba River
discharges for the 1973 to 1978 water years are contained in
Appendix I.

Fall-Run Chinook Salmon

Warm water temperatures near the confluence of the lower Yuba and
Feather rivers during late September and October could delay
upstream migration into the Yuba. The likelihogd of a delay
increases as temperatures rise above about 57.5°F (Table 13). 1In
all years evaluated, water temperatures in the lower river were
near the upper range or exceeded the preferred range during
September (Figure 16). The preferred range was also exceeded
during early October of water years 1975 and 1978. Hence,
upstream migration could be delayed by as much as 1.5 months in
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these years. Conditions foriﬁ1§ratxon AITEer mla-uvuclLulel worc
satisfactory during all years.

The preferred temperature range for spawning (41.0-57.0°F) was
exceeded at Marysville until mid-October in water year 1974, and
early to mid-November during water years 1975, 1977, and 1978
(Table 13, Figure 16).

)

The preferred water tempersture range for egg incubation through
fry emergence is 41.0-57.9°F (Tagle 13). However, Boles et al.
(1988) cites the range 53.0-57.5 F as providing the highest
survival in eggs from Sacramento River chinook salmon (race not
specified). Lower temperatures would reduce the rate of
development and delay hatching, while higher temperatures would
increase metabolism resulting in enhanced demand for dissolved
oxygen and removal of carbon dioxide in the redds. Higher
temperatures would also increase susceptibility to disease, and
j;;;ﬁf the incidence of abnormal growth (Boles et al. 1988). During the
~—incubation period (October through February), water temperatures
generally exceeded the optimum only during the first half of
October (Figure 16). However, in water years 1975, 1977, and 1978
above preferred temperatures occurred as late as early-November.

The temperature range for fry rearing indicates that portions of
the river were below optimum during late winter and early spring
of water years 1973, 1975 and 1976 (Table 13, Figure 16). By
early April, water temperatures typically exceed preferred
temperatures for juvenile rearing in the lower river. By June,
even the water released from Englebright Reservoir exceeded the
preferred range during 1973, 1974, and 1978. Hence, by June there
was not any portion of the river with preferred temveratures
during these years. These temperatures may cause fry and
juveniles to leave the river soon after emergence. However, early
departure from natal rivers apparently is the rule for California
chinook, with most fry spending only 3 to 4 weeks in fresh water
(Moyle 1976). Chinook salmon juveniles in the Trinity River a
spend a limited period rearing before migration downstream, with
most leaving the upper river by June (R. Brown, USFWS, Lewiston,
CA, per. comm. 1990). This is in spite of temperatures that are
generally within the preferred range. §The vast™@ajority of”
juvenile chinook emigrate to the Sacramento-San Joaquin estuary
where their peak movement typically occurs in April, May, and June ,

(Moyle 1976; Kie qu,ggﬁ,ﬁ;ggﬁgg_l%&ﬁ . Small numbers of =% -
gtgweniles sl':en ‘%1310 one year in e)river or estuaries (Moylc;g M(‘
76). : :
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& Teg ;éw Spring-Run Chinook Salmon .

tﬂ"l o
f&}#”40 During spring, cool temperatures attending high flows in the lower
Yuba River in normal to wet years seem unlikely to be stressful to
upstream migrating spring-run salmon (Figure 16). However, in dry
years (1976 and 1977 water years), water temperatures near
Marysville may be detrimental. More importantly, dry years, low
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flows, and high temperatures may block access to the deep pool
holding habitat in the Narrows Reach. Water temperatures in the
area just below the Narrows Powerhouse may be assumed to be nearly
the same as those measured at the USGS gage below Englebright Dam.
If so, water temperatures in this area were below the pregerred
level cited by Moyle (1976) and Bell (1986) of 69.8-77.0°F dgring
the summer of 1973 to 1978 water years, but exceeded the 60.0°F
cited by Boles et al. (1988) during the summer and early fall of
1973, 1974 and 1975.

Chambers (1985) reported that spring-run chinook salmon spawn in
40.0 to 55.0°F. This temperature range is a slightly lower
temperature range than for fall-run (Table 13). In addition,
spring-run salmon normally spawn a few weeks earlier than
fall-run. However, these life history features characterize
spring-run stocks that had access to their ancestral spawning
areas at higher elevations. 1In these higher elevation habitats,
water temperatures cool earlier than in the lower elevation
habitat used by fall-run stocks. In the lower Yuba River,
Englebright Dam and other dams located further upstream have
blocked access to natural spawning habitat, so that the historical
patterns may not characterize current habitat use in the river.

It is assumed that the 40.0 to 55.0°F temperature range for
spring-run spawning would be preferred by the Yuba River stock
during fall ‘(late September through early November) in the upper
portion of the river. Figure 16 shows that for water years
1973-1978 watsr temperatures in the lower Yuba River regularly
exceeded 55.0 F during most of September, including the area just
below Englebright Dam where spring-run have been observed to
spawn. In October of water years 1973, 1974, 1976, and 1977,
temperatures in the upper portion of the river were probably
suitable for spawning. In the remaining years, water temperatures
in the upper portion of the river exceeded the preferred range
until late October to early November.

The preferred water temperature range for spring-run salmon egg
incubation is the same as for fall-run (Table 13). Since the
incubation period is slightly earlier, water temperatures below
Englebright generally exceeded the preferred range during
September and October for the water years 1974, 1977, and 1978.

. Steelhead Trout

The warm water temperatures in the lower part of the river
generally exceeded the steelhead trout spawning migration
preferred range in September and October (Table 13, Figure 16).

In some years, the preferred range was exceeded even into November
and early December. Warm water created stressful conditions for
fish that did migrate, or delayed upstream migration until the
water cooled. Upstream migration may not have occurred until
early to mid-November in water years 1974, 1975, and 1976 and as
late as early December to mid-January in 1977 and 1978.
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From the 1973 through 1978 water years, water temperatures below
Englebright Dam during most of the spawning pz2riod (January
through April) were near optimum (Table 13, Figure 16). However,
in most years the mean weekly maximum temperature near Marysville
exceeded the preferred range during much of the spawning period.
The 1977 water year is the most extreme example in which the mean
weekly maximum temperature near Marysville exceeded the preferred
range during February through April.

Water temperatures during the egg incubation and fry emergence
were generally below the preferred range throughout most of the
river, except during May when optimum temperatures were commonly
exceeded (Figure 16).

Steelhead fry and juvenile life stages rear in the lower Yuba

range of temperature conditions that characterize the river.
Generally, mean weekly maximum temperatures exceed preferred
conditions at Marysville beginning in early April to mid-May for
each_year evaluated. The incipient upper lethal temperature is

?ﬂﬁ}gRiver throughout the year, and therefore may experience the full
%

\\_475.0°F (Bell 1986). This temperature threshold was exceeded by

the mean weekly maximum in the lower portion of the river from
mid-June to early August in 1973, and from mid-June to early
September in water years 1976 and 1977 (Table 13, Figure 16).

From Englebright Dam to Marysville, temperature conditions
exceeded the preferred range for each life stage from mid-May to
September during water year 1973, mid-June to October in 1974, and
October and mid-July to mid-August during 1975.

American Shad

Water temperature is an important habitat characteristic that
partially determines the timing and strength of shad migrations
into the river. The mean weekly maximum temperature near
Marysville provides one measure of the probable effects of
existing water temperature on shad. In water years 1973, 1976,
and 1977, mean weekly maximum temperatures near Marysville were
within the migration preferred temperature range for up to 4
weeks, then rose rapidly to temperatures that may have impaired
migration (Table 13, Figure 16). The 1974, 1975, and 1978 wateér
years provided suitable water temperature for longer periods.

In water years 1973, 1976, and 1977, mean weekly maximum
temperatures near Marysville exceeded the preferred range
throughout most of the spawning and incubation period (Table 13,
Figure 16). The mean weekly minimum temperatures in this location
generally remained within the preferred range. 1In 1974, 1975, and
1978, water temperatures throughout most of the river were within
the preferred range during the spawning and incubation period.
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ovember in the lower Yuba River. Under existing conditions,
however, few young shad were in the river during 1976 through
1978. The fish observed were confined largely to areas near the
confluence with the Feather River (Meigz 1979). The upper range
of suitable water temperatures at 69.8 F was exceeded by the mean
weekly maximum near Marysville during most of the summer rearing
period in water years 1973, 1976, and 1977 (Table 13, Figure 16).
However, the mean weekly minimum temperature near Marysville was
largely in the preferred range. Painter et al. (1979) showed
juvenile shad had completed emigraticn from the Feather River when
water temperatures reached 59.9°F. In the years being considered,
emigration could have occurred from late June to late September to
early October.

A American shad fry and juvenile typically rear from May through

mper Modelin

SNTEMP was used to model and predict water temperatures for
several meteorological and streamflow conditions in the lower Yuba
River from Englebright Dam to its confluence with the Feather
River at Marysville. The model allows the user to predict
downstream temperatures as affected by changes in upstream
discharges, water temperatures, stream geometry, and shading.

Meteorology

The meteorological data including mean daily air temperature, mean
daily wind speed, percent mean daily relative humidity, and
percent mean daily sunshine, were compiled from records
accumulated at Beale Air Force Base.

Hydrology

Hydrology data, river discharge and water temperature, are
required at major locations in the river system to balance heat
accumnulation and dispersal within the temperature model (Theurer
et al. 1984). These significant locations, referred to as nodes,
may also define where there is a known change in stream geometry,
known discharge or thermal information to calibrate or validate
the model, and as model simulation points monitored by the user.
Table 14 contains a list by type and location of the major nodes
used for this study.

Historical discharge data were collected from the USGS at: (1)
Yuba River below Englebright Dam (Station 11418000), (2) Yuba
River near Marysville (Station 11421000), (3) Deer Creek near
Smartville (Station 11418500), and (4) Dry Creek near Browns
Valley (Station 11420700). The first three sites were also
sources for water temperature data. Additional, but limited,
water temperature records were available for the Yuba River at
Daguerre Point Dam (Station 11420800), and for Dry Creek. These
records provided the initial data set for river flow and
temperature at the various nodes within the study area.
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Additional temperature data were collected in 1987 to complement
existing historic data for those areas of the system that had
incomplete information and to aid in calibration and validation of
the temperature model. Seven locations were sampled. These

are: (1) Deer Creek, 100 ft downstream of USGS Deer Creek gage;
(2) the Narrows, Yuba River 6,000 ft downstream of Englebright
Dam; (3) Highway 20, Yuba River at Highway 20 Bridge; (4) Dry
Creek, 100 ft upstream of the confluence with the Yuba River; (5)
Daguerre Point Dam, Yuba River 200 ft upstream of Daguerre Point
Dam; (6) Hallwood, Yuba River 300 ft upstream of Hallwood
Boulevard; and (7) Simpson Lane, Yuba River 300 ft downstream of
Simpson Lane bridge crossing. Temperatures were recorded at 20
minute intervals (30 minute intervals at the Narrows) at these
sites using Ryan TempMentor thermographs.

Table 14. List of major node types, distances, and locations
downstream of Englebright Dam to the confluence with the Feather
River, used in the instream water temperature model of the lower

Riv ifornia, 1987.

Type of Distance

node (km/mi ) Location

Structure 0.0/0.0 Englebright Dam
Dischargex* 1.9/1.2 Deer Creek confluence
Output and change 3.3/2.0 Mouth of the Narrows
Output and change 9.5/5.9 Highway 20 Bridge

Output and discharge 16.6/10.3 Dry Creek confluence
Output, change and diversion 20.2/12.5 Daguerre Point Dam
Output 24.5/15.2 Yuba Goldfields
Output and validation 28.5/17.7 USGS Gage near Marysville
Output and change 11.9/19.8 Marysville City Dump site
Changex* 32.8/20.4 Backwater-Pool terminus
Output 35.6/22.1 Simpson Lane Bridge
End 38.5/23.9 Feather River confluence

* Not a simulation site.
ﬂm&% QLt' rond rom .

Stream Geometry

Stream geometry and riparian(shading measurements were developed
during the instream flow study. Measurement of average stream
width and riparian vegetation shading were taken during habitat
mapping activities. Elevation, gradient, distance, and
topographic shading were determined from USGS quadrangle maps.
The hydraulic retardance parameter was cbtained from data
collected for the instream flow study.

Model Calibration

Seven years of local meteorological and water temperature data
(1972 through 1978, and 1987) were used to calibrate the water
temperature model. The model was run on daily time intervals to
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N achieve maximum use of the available data and to allow for the
best model calibration. Daily values were averaged to
' N\ generate monthly values. Individual months of data were analyzed
and calibrated separately. Multiple, iterative runs were made to
calibrate the simulated temperatures to the observed data. The
calibration was primarily accomplished by adjusting the wind speed
and air temperature coefficients. These adjustments were made to
account for probable differences between conditions on the Yuba
River and at Beale Air Force Base where the meteorological data
were collected. A global wind speed coefficient of 0.80 was used
for all months, while air temperature coefficients were varied by
month, as follows:

April - 1.120
May - 1.092
June - 1.084
October - 1.127
November - 1.387

These calibration adjustments minimized the mean errors of
prediction to zero for all months, with an average correlation
coefficient of 0.9476, average probable error of 0.69, average
maximum error of 3.88, and average bias of 0.05 (Table 15).
Sample sizes for each month varied between 150 and 200 daily data
points, depending on the month and completeness of data.

Table 15. List of months and years used for calibration of the
instream water temperature model, along with the statistical

meas f m rforman
Mean Probable Maximum
Calibration Correlation error error esror
Month Years coefficient (°C) (7C) (TC) Bias
April 1973-1978 0.9195 0.00 0.64 3.32 0.05
May 1973-1978 0.9565 0.00 0.62 3.59 0.05
June 1973-1978 0.9512 0.00 0.76 4.63 0.06
October 1973-1977 0.9711 0.00 0.85 4.86 0.06
and 1987
November 1972-1977 0.9399 0.00 0.59 3.02 0.04
and 1987
Mean 0.9476 _0.00 0.69 3.88 0.05

After the individual months were calibrated, months representing
warm, normal, and cool weather conditions were selected for
simulation of the effect of climate on varying combinations of
flow releases from Englebright Dam and diversions near Daguerre
Point Dam. The months were chosen by comparing the mean monthly
air temperatures for the months where flow and water temperature
were available to a partial record of the mean monthly air
temperatures at the Marysville Weather Station from 1948 through

3 o
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1986, and the long-term (so-yearf averagé:MiAll available years ot
record were ranked by month on a temperature scale using the

average temperature for the month.

analysis were then characterized as warm, normal,
if they fell in the upper, middle, or lower portions of the scale,
Representative warm, normal, and cool months from

the years 1972 through 1978 were then selected from the frequency ~
analysis for simulation (Table 16).

respectively.

The months in the frequency

and cool years !

Table 16. List of months and years of data used for simulating
warm, normal, and cool meteorological conditions, lower Yuba

River, California.

Month Warm

Normal Cool

April 1977
May 1973
June 1973
October 1976
November 1976

1978
1975
1976
1977
1977

1975
1977
1978
1975
1972

Temperature Simulation

April, May, June, and October and November were simulated. The
winter months (December through March) and summer months (July
through September) were not simulated due to limited funding.

Water temperatures were evaluated over a range of flow conditions
above and below Daguerre Point Dar during warm, normal, and cool

weather conditions for the selected months.

Flows above Daguerre

Point Dam are largely determined by the releases from Englebright
Dam, flows below Daguerre Point Dam are largely determined by the
magnitude of diversions in the vicinity of the dam. The flows
evaluated include 245/245 cfs (above/below Daguerre Point Dam
with no diversion); 400/400 cfs (no diversion); 745/245 cfs (500
cfs diversion); and 1,245/245 cfs, 1,500/500 cfs, 2,000/1,000 cfs,
and 3,000/2,000 cfs with 1,000 cfs diversion.

Starting water temperatures for releases from Englebright
Reservoir were derived from the 1972-1978 mean water temperatures

values of observed daily mean water temperatures used in the
simulations for each month were:

éo ,....(,l\_ vatiadil;

Jv pusine extaage.

Shev

.};,\a Fermp.

Month

Temperature (°F)

Mean

R *

April
May
June
October

48.9
53.1
57.9
53.1
48.9

46.4-50.0
51.4-57.6
54.5-63.5
46.4-59.9

42,8-55.0

November

* range not used in model
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The maximum temperature change within the range modeled occurs in
a warm June at a flow release of 245 cfg, when a starting
temperature of 57.9°F increases to 78.6 F at Marysville (Figures
17-21). The ten simulation points on each curve correspond

to those previously described in Table 14. Minimum change occurs
in 2 cool November at 3,000 cfs relsase and 1,000 cfs daversion,
when a starting temperature of 48.9°F becomes only 50.5°F at
Marysville. The effect of water diversion at Daguerre Point Dam
is most pronounced when either 500 or 1,000 cfs is diverted and
245 cfs passes downstream. Under these release/diversion
conditions, the rate of temperature change increases significantly
and often exceeds the temperature of a constant 400 cfs release
with no diversion, by the time water reaches the Feather River.

Conclusions

Changes have occurred in water temperatures downstream of
Englebright Dam as a result of increased storage capacity and dam
operations following completion of New Bullards Bar Dam. Since
completion of New Bullards Bar Dam, temperatures during early
March through mid-June are warmer, early July through mid-December
are generally cooler, and there are little differences in
temperatures from mid-December through early March.

Potential effects of water temperatures on anadromous fish were
assessed by comparing thermal preferences of each species life
stage to existing temperature in the lower Yuba River during the 6
water years 1973 through 1978.

In spite of cooler temperatures during the summer and fall
following the completion of New Bullards Bar Dam, temperature
conditions for migrating fall-run chinook salmon at Marysville
were near the upper range or exceeded the preferred range until
after mid-October. Preferred spawning temperatures were exceeded
at Marysville until mid-October 4 out of 6 years and until
mid-November 3 out of 6 years evaluated. For many years, fry
rearing temperatures are below optimum for portions of the river,
while temperatures near Marysville begin to exceed preferred
temperatures for juvenile rearing in most years by early April,
and by June even water released from Englebright Dam exceeded the
preferred range.

Temperatures for spring-run chinook salmon summer holding were in
the preferred range during the summer of 1972-73 to 1977-78 water
years in the Narrows Reach just below the Narrows 2 Powerhouse.
During spring migration in dry years, high water temperatures at
Marysville and associated low flows may be stressful and hinder
access to the deeper pools of the Narrows Reach. However,
temperatures in the Narrows Reach during most years exceed the
preferred for spawning during September and for 2 of 6 years
during October. Temperatures for egg incubation exceeded the
preferred range during September and October for 3 out of 6 years
evaluated.
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Figure 17. Simulated lower Yuba River, California, water

temperatures for April weather.
evaluated are 245/245 cfs and 400/400 cfs (releases at

Englebright Dam/below Daguerre Point Dam) with no diversion;
745/245 cfs with 500 cfs diversion; and 1,245/245 cfs, 1,500/500
cfs, 2,000/1,000, and 3,000/2,000 cfs with 1,000 cfs diversion.
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Figure 18. Simulated lower Yuba River, California, water
temperatures for May weather. The alternative flow discharges
evaluated are 245/245 cfs and 400/400 cfs (releases at
Englebright Dam/below Daguerre Point Dam) with no diversion;
745/245 cfs with 500 cfs diversion; and 1,245/245 cfs, 1,500/500
cfs, 2,000/1,000, and 3,000/2,000 cfs with 1,000 cfs diversion.
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Figure 19. Simulated lower Yuba River, California, water
temperatures for June weather. The alternative flow discharges
evaluated are 245/245 cfs and 400/400 cfs (releases at
Englebright Dam/below Daguerre Point Dam) with no diversion;
745/245 cfs with 500 cfs diversion; and 1,245/245 cfs, 1,500/500
cfs, 2,000/1,000, and 3,000/2,000 cfs with 1,000 cfs diversion.
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Figure 20. Simulated lower Yuba River, California, water
temperatures for October weather. The alternative flow
discharges evaluated are 245/245 cfs and 400/400 cfs (releases
at Englebright Dam/below Daguerre Point Dam) with no diversion;
745/245 cfs with 500 cfs diversion; and 1,245/245 cfs, 1,500/500
cfs, 2,000/1,000, and 3,000/2,000 cfs with 1,000 cfs diversion.
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Figure 21. Simulated lower Yuba River, California, water

temperatures for November weather.
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The alternative flow
discharges evaluated are 245/245 cfs and 400/400 cfs (releases
at Englebright Dam/below Daguerre Point Dam) with no diversion;
745/245 cfs with 500 cfs diversion; and 1,245/245 cfs, 1,500/500
cfs, 2,000/1,000, and 3,000/2,000 cfs with 1,000 cfs diversion.
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The preferred temperatures for steelhead spawning migration were
generally exceeded in the September and October period and were
occasionally exceeded during November and early December. Minimum
temperatures were within the preferred spawning range, however,
maximum temperatures exceeded the preferred range. Egg incubation
temperatures were generally below those preferred. Upper lethal
temperatures for steelhead fry and juveniles were experienced
during mid-June to September during 3 of the 6 years.

Temperatures preferred by American shad for migration were

l suitable for only a brief period (4 weeks or less) for 3 of the
6 years, rapidly rising to temperatures that may impair migration.
For 3 out of 6 years, water temperatures throughout most of the

|I river were within the preferred range during the spawning and
incubation period. While preferred temperatures for shad fry and
rearing were exceeded during most of the summer period for 3 out

. of 6 years.

L

Water temperature modeling indicates the greatest temperature
change from Englebright Dam to Marysville occurs during a warm
June at a flow release of 245 cfs. Minimum change occurs during a
cool November at a 3,000 cfs release from Englebright Dam and
1,000 cfs diversion at Daguerre Point Dam. The effect of water
diversion at Daguerre Point Dam is most pronounced when either 500
or 1,000 cfs is diverted and 245 cfs passes downstream. Under
these conditions, the rate of temperature change increases
significantly and often exceeds the temperature of a constant 400

w‘ cfs release from Englebright Dam, and no diversion, by the time

“ water reaches the Feather River.

In the selection of temperature criteria, the goal is to maximize

*( habitat conditions for each life stage of fall- and spring-run
chinook salmon, steelhead, and American shad. Because fall- and
spring-run chinook salmon are of value to both the sport and
commercial interests, they are considered of primary importance in
management of the lower Yuba River. Further, management decisions
must be based upon the fact that chinook salmon and steelhead have
the most similar temperature requirements and time of use of the
river while American shad differ greatly in temperature

requirements and W o= vadop o) Selmend SH .

" The primary anadromous fish activity in the lower Yuba River from
mid-October through 'Mazeh is chinook salmon and steelhead trout
migration, spawning, egg incubation, and fry rearing. The area

' containing the greatest spawning habitat is the Garcia Gravel Pit
Reach followed by the Daguerre Point Dam Reach. Water
temperatures not exceeding the daily average of 56.0 F (Chambers

l 1956; Rich 1987) in the area from Englebright Dam to Daguerre
Point Dam should provide the greatest benefits to spring- and
fall-run chinook salmon during this period. This temperature
criterion is consistent with the Basin Plan (5A) established by

l the State Water Resources Control Board for the Sacramento River

jiijetween Keswick Dam and Hamilton City (RWQCB 1975) and the

s >

ot
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4 At Merysville Gage S

Riparian Habitat Advisory Council (1989) in its fisheries

recommendations of the Upper Sacramento River Fisheries and {

management plan for the Sacramento River between Keswick Dam and

Red Bluff Diversion Dam.
to sSeelh
not exceed 52.0°F.

protection

should provide
and Simpson Lane Reach.)

This will provide a measure of
ead that prefer cooler temperatures that do o~

Temperature increases downstream of Daguerre
Point Dam should be minimal during this period creating little if
any impacts to the Daguerre_Point Dam Reach. Therefore, a daily
average temperature of 57.0°F as measured at the Marysville gage

;h.m JO.

equate) protection to the Daguerre Point Dam Reach

During the period April through June, spring- and fall-run chinook
salmon fry and juvenile rearing and outmigration are nearing
completion, steelhead egg incubation and fry rearing continue,
adult spring-run chinook salmon migration occurs, and American
shad adult migration and spawning and fry rearing occur. The
portion of the river where these activities primarily occur are
found in the Garcia Gravel Pit Reach downstream to Marysville. To

d meet the requirements of these various species and life stages,
”tEJW?T temperatures atoMarysville gage should not exceed the daily
¥3* X average of 60.0°F during April and May and 65.0°F during June. |

ﬁ:%fﬁ% The July through mid-October period provides for the rearing of
juvenile steelhead and American shad fry and juveniles, adult
d“*cw'spring-run chinook salmon holding, and the upstream spawning

wht migration of fall-run chinocok salmon and steelhead begins. To

meet the needs of these activities,

during this period.

downstream to Marysville.

¢
nk’“”Ed‘ Daily maximum water temperatures should not exceed the daily
: é#b@s average temperatures recommended above, by more than 2
:iﬂﬂ“d" than 8 h in any 24-h period during any month of the year.
1

Results of temperature simulations indicate that flows of 1,000,

g&g& 2,000, 1,500, 1,000 and 700 cfs at Marysville during a warm April,
May, June, October, and November, respectively, will meet the
above temperature criteria depending on diversion amounts at
Daguerre Point Dam.

b&LL“M
ofHree

A soppnd

o3 =

Op.
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the entire lower river is used
Spring-run chinook salmon occupy the Narrows
Reach where temperatures are coolest for summer holding in
preparation for fall spawning. Steelhead rearing occurs from the
Garcia Gravel Pit Reach downstream to Marysville, and American
shad fry and juvenile rearing occurs from Daguerre Point Dam
Adult fall-run chinook salmon are
entering the Yuba River from the Feather River beginning late
September in preparation for spawning.
of these life stages, temperatures should not exceed the daily
average of 65.0 F at Daguerre Point Dam during July and August and
at the Marysville gage during September.
mid-October, temperatures
the daily average of 60.0

at the Marysville gage should not exceed

|3
“"5“M ‘3‘\/‘0‘ “ ‘}-

To meet the various needs

During early to

°F for more
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Additional temperature studies are needed to simulate the summer
months of July through September similar to those completed for
the months of April through June, October, and November. Other
temperature studies should also be conducted on Englebright and
New Bullards Bar reservoirs to develop information on temperature
and water availability and integrate the findings with downstream
evaluations. This additional evaluation should include
simulations using a range of reservoir outlet temperatures from
Englebright Reservoir for all months of concern. The reservoir
cold water temperature studies should be conducted using a
reservoir temperature model to: (1) predict the effects of
altered operations on water temperatures downstream, (2)
characterize reservoir elevations drawn upon by the intake
structures, and (3) characterize the volume of cold water present
in these reservoirs available to the intake structures.
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AQUATIC HABITAT AND STREAM DISCHARGE RELATIONSHIPS

Determining aquatic habitat and streamflow relationships are
integral components in assessing fishery habitat needs and

developing a management plan for the lower Yuba River. The
computer based Instream Flow Incremental Methodology
(IFIM) /Physical Habitat Simulation (PHABSIM) method (Bovee and

Milhous
develop

1978; Bovee 1982; Milhous et al. 1984) was applied to
information on these relationships. The habitat-flow

relationship developed by IFIM/PHABSIM is demonstrated as an index
called weighted usable area (WUA). Changes in WUA represent

changes
defined

in the availability of aquatic habitat. The WUA index is
as the total wetted area of a stream reach expressed as an

equivalent surface area of optimal fish habitat (Bovee and Milhous

1978).

Application of IFIM/PHABSIM includes: (1) species

composition and distribution identification; (2) selection or
development of species habitat criteria; (3) stratification of the
study area; (4) selection of agquatic habitat types and transects;
(5) field data acquisition; (6) hydraulic and physical habitat
modeling; and (7) interpretation of moczling results.

1i

I PHABSIM on r Y R r

The IFIM/PHABSIM methodology was applied on the lower Yuba River
to evaluate habitat-stream discharge relationships for chinook
salmon and steelhead trout. This method was also to be applied to

develop

information on American shad streamflow-habitat

relationships. However, insufficient information was collected to
complete the shad analyses.

A combined river segment/habitat mapping approach was used to
apply the IFIM/PHABSIM complex on the lower Yuba River. The river
was divided into similar segments based on hydraulic conditions,

channel

morphology and gradient, geology, water conditions, and

fish species distribution. The type, abundance, and distribution
of specific macrohabitat types within each river segment was then
assessed and mapped. The hydraulic and physical characteristics
of these habitat types were sampled and used to model the lower
Yuba River’s habitat-streamflow relationships. The IFG4 and Water
Surface Profile models within the overall IFIM framework were used
to develop a model of the hydraulic and physical characteristics.
The resultant characteristics model and habitat criteria
information included in the criteria sect:ion were combined through
PHABSIM to develop information on species life stage
habitat-discharge relationships. This information was then used
to develop flow regimes which would optimize each species habitat.

The lower Yuba River was divided into four segmentg. These are:

1)

Narrows Reach: Extending from Englebright Dam to the
downstream terminus of the Narrows, this reach consists
of 11,400 £t of river with steep-walled canyon
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2)

3)

4)

topography, dominated by deep pools, and bedrock and
large boulder substrate. Of the four river sections
this reach has the highest gradient. The dominance of
the deep pools makes this reach an important site for
spring-run chinook salmon holding during late-spring,
summer, and fall. This reach is relatively unimportant
for spawning or rearing fall-run chinook.

Garcia Gravel Pit Reach: This reach consists of 56,400
ft of the lower Yuba River from the Narrows downstream
to Daguerre Point Dam. It is typified by repeating
segments of long, deep pools, shallow pools, run/glide,
and long low~-gradient riffles. Substrate composition is
primarily a combination of boulders, cobbles, and gravel
and is highly suited for spawning chinocok salmon. The
river banks are often composed of placer mining tailings
30 to 50 £t high. Occasional side channels, which are
frequently dry, cut in and out of the main channel.

Some riparian vegetation exists but in most cases it is
too far away to shade the river.

Daguerre Point Dam Reach: This 41,400-ft reach extends
from Daguerre Point Dam to the upstream terminus of the
backwater influence of the Feather River. The
characteristics of the stream are similar to the Garcia
Gravel Pit Reach, except there are fewer riffles and
more pools. This reaches’ riverine morphology, habitat
sequence, substrate composition, and riparian habitat
are also similar to that of the Garcia Reach. This
reach has good spawning and rearing potential for
chinook salmon, and for American shad spawning and early
life stages.

Simpson Lane Reach: Beginning at the upstream end of
the Feather River backwater and extending to the
confluence with the Feather River, this 18,500-ft reach
is a low gradient and low velocity stretch of the Yuba
River. It is characterized by deep pool habitat subject
to the backwater influence of the Feather River. Steep
river banks, man-made levees, and a tall riparian
corridor on each bank typify this portion of the river.
The substrate is hardpan, bedrock, or sand, and has
limited potential for chinook spawning but is known to
provide rearing for juvenile American shad.

Habitat Mapping

The habitat mapping approach was used to determine the type,
abundance, and distribution of macrohabitats available within each
of the four study segments described above. Representatives of
each macrohabitat type were selected for subsequent sampling. The
measured microhabitat information was used to model and predict
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habitat availability at different flows. This information was
expanded with respect to the proportional availability of each
specific macrohabitat to represent the lower Yuba River. A
preliminary review indicated that lower Yuba River macrohabitats
typically fell within five major categories. These are:

1) Low Gradient Riffle: These riffles are low gradient
(0-2%) and contain little or no white-water, but have a
fairly uniform choppy water surface. Mean column
velocity generally exceeds 2 ft/s and depth is generally
less than 2 ft.

2) Moderate Gradient Riffle: These riffles generally have
a moderate or high gradient (>3%), usually contain
white-water, standing waves, and/or possibly a series of

waterfalls.

3) Run/Glide: Run/glide habitats are generally deeper and
of lower gradient than low gradient riffle. They
typically have a fairly smooth water surface and a mean
column velocity generally in excess of 2 ft/s.

4) Shallow Pool: These pools are less than 4 ft deep
with a mean column velocity less than 2 ft/s.

5) Deep Pool: Deep pools are deeper than 4 ft and have a
mean column velocity less than 2 ft/s.

The entire study area was traversed by foot or kayak, and
macrohabitat occurrence and length were determined. The
proportional abundance of each macrohabitat type within intervals
of 100 £t was developed from this information. Discharge above
Daguerre Point Dam was 634, 735 and 623 cfs on October 22, 23, and
24, 1986, respectively, when the river was mapped. Below Daguerre
Point Dam, flows for the respective days were 425 to 482 cfs.
Results of habitat mapping for each reach of the study area are
presented in Table 17. The Narrows Reach is composed almost
entirely of deep pool (77%). Run/glide habitat (48%) dominates
the Garcia Gravel Pit Reach, followed by low gradient riffle
(24%), deep pool (15%), and shallow pool (13%). The Daguerre
Point Dam Reach is also mostly run/glide habitat (41%), but
contains relatively more deep (21%) and shallow pool (23%) than
the Garcia Gravel Pit Reach. The Simpson Lane Reach habitat is
dominated by deep pool (72%), with lower amounts of shallow pool
(15%), run/glide (11%), and low gradient riffle (2%).

Transect Selection

Transects for sampling water depth and velocities, substrate
composition, and fish cover characteristics within macrohabitats
were ectivel to each of the four study reaches in
proportion to the habitat types present in each reach. Transects
were ground-truthed and placed on January 20 and March 12, 13, and

ET “.‘,}Adts%“&ﬁl/
intle 13L plare g7~
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23, 1987. sSix transects were placed in the Narrows Reach, nine in
the Garcia Gravel Pit Reach, seven in the Daguerre Point Dam
Reach, and nine in the Simpson Lane Reach, for a total of 31
transects (Table 17). Special effort was made in low gradient
riffle and run/glide habitat types to transect areas where chinook
salmon had been observed spawning or where evidence of redds was
still present. Remaining transects were placed where they would
best characterize the type of micro- and macrohabitat they
represented. Only deep pool habitat was represented by transects
in the Narrows Reach since no other habitat type comprised greater
than 10% of the reach.

Table 17. Habitat categories, distances, and number of transects

h W iver iforni r
Macrohabitat Distance Number of
Study reach cateaory (ft) transects
Narrows Low Gradient Rifflex 950 0
Moderate Gradient Riffle* 650
Run/Glidex* 925
Shallow Pool¥* 100
Deep Pool 8,775
Total 11,400
Garcia : Low Gradient Riffle 13,625
Gravel Pit Run/Glide 26,825
Shallow Pool 7,400
Deep Pool 8,550
Total 56,400
Daguerre Low Gradient Riffle 6,175
Point Dam Run/Glide 17,075
Shallow Pool 9,375
Deep Pool 8,775
Total 41,400
Simpson Low Gradient Riffle 400
Lane Run/Glide 2,100
Shallow Pool 2,800
Deep Pool 13,200
Total 18,500 9
— Grand total 127,700 31 in 2¥mie

* No transects were placed to represent these habitat types since
they comprised a small portion of the total reach.

| tremocct [4,000 Ftef Shrecr.
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Data Collection

Water depths and mean column velocities were measured at each
transect following the guidelines of Trihey and Wegner (1981) and
Milhous et al. (1984) (Table 18). A minimum of 20 wetted stations
per transect was established. The boundaries of each station
along each transect were normally at even increments, but
significant changes in water depth, velocity, substrate, or other
important stream habitat features occasionally required additional
stationing.

Total water depth was measured to the nearest 0.05 ft with a
top-setting wading rod. Mean column velocity was measured 0.6 of
the distance from the surface in depths less than 2.5 ft. 1In
water between 2.5 and 4.0 £t deep, water velocities were measured
at 0.2 and 0.8 of the total water depth and averaged to obtain
mean column velocity (Buchanan and Somers 1969). Velocities at
0.2, 0.6, and 0.8 were measured and averaged in depths greater
than 4.0 ft, or where the velocity distribution in the water
column was inconsistent. A top-setting wading rod was used in
water up to 6.0 £t deep. In depths greater than 6.0 £, a boat,
boom and sounding weight were used to lower the velocity meter to
the proper depth. In deep pools where the majority of depths were
greater than 6.0 ft, only bottom profile and water surface

Table 18. Streamflows measured by study reach and transect for

instream flow computer model calibration, lower Yuba River,
Ccalifornia.
sStudy reach _ Trangect Flow lgv_e__l_s__(s_s.)____.ﬁa_sm__
Narrows Transects 1-4 1,035/640/265 Stage and discharge
Transects 5-6 1,030/615/255 Stage and discharge
Garcia Transects 1-5 1,035/640/265 Depth and velocity
Gravel Pit Transects 6-8 1,035/640/265 Stage and discharge
Transect 9 1,035/640/265 Depth and velocity
Daguerre Transects 1-6 630/218/180 Depth and velocity
Point Dam 1,054/35 Stage and discharge
Transect 7 630/218/180 Stage and discharge
1,054/35 Stage and discharge
Simpson Transects 1-5 830/300/197 Depth and velocity
Lane 1,027/84 Stage and discharge
Transects 6-9 830/300/197 Stage and discharge
1,027

OL 3] Howeeds, 11 hed ro Mﬁc)? preaycrenids adalt!
( o td ProY). ‘
'ﬂ? 7755:435 Fhin /wé,HMWJ#MﬂA‘(S #St/mﬂw‘-}
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elevation data were collected. Mechanical, rotating-cup Price AA
and Montedoro-~Whitney PVM-2A electromagnetic water velocity meters
were used to measure velocities.

Measurements required to calibrate the instream flow computer
models were made from March through August, 1987. Water depths
and velocities were measured at stations along each transect in
all non-deep pool habitats at three stream discharges. River
stage and discharge were measured at all transects at the three
stream discharges. Additional river stage and discharge
measurements were taken at Daguerre Point Dam and Simpson Lane to
extend the data extrapolation range for these study reaches.
Additional stage-discharge data were not collected above Daguerre
Point Dam because the high flows upstream were high enough to
cover the upper flow range of interest. Lower flow measurements
upstream of Daguerre Point Dam were not possible due to high
releases. However, these measurements were not needed to cover
the lower flow range of interest.

Data Analysis

The one-flow option of the IFG4 model was employed to simulate
depths and velocities at those transects where station water
depths and velocities were measured. Data from the highest
discharge measured were specified as the starting calibration data
set. The IFG4 no-velocity option was used on the deep pool
transects where station velocities were not measured due to depth
and very low water velocities. With this option, deep pool
velocities are simulated by allowing the model to distribute
discharge across all cells on the basis of depth and a specified
Manning’s N value. Calibration modifications were limited to a
few shallow edge cells that were allowed to "float" with a zero
specified velocity, a change which gives more accurate results
over a range of flows.

The Narrows, Daguerre Point Dam, and Simpson Lane reach data sets
were analyzed with five-point stage-discharge rating curves and
water surface elevation data taken from the program WSEI4S,
without the mass-balance option of IFG4. The Garcia Gravel Pit
Reach data set was analyzed with internal three-point
stage-discharge rating curves with the mass-balance IFG4 option.
Mean errors of the transect rating curves were all within the
acceptable value of 10% or less and most were 5% or less.

The velocity adjustment factors (indicators of simulation quality
and acceptable range of extrapolation) for all flows simulated
were within standard one-flow limits of 0.1 to 10.0. Total range
of flows simulated for the Daguerre Point Dam and the Simpson Lane
study reaches were 50 cfs to 2,500 cfs. Stage rating data could
not be extrapolated to 50 cfs for those transects above Daguerre
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Point Dam. Thus, the range of simulated flow for reaches upstream
of Daguerre Point Dam, and the total lower river is limited to

between 100 and 2,500 cfs.
! C" ;%C“‘?- ‘9\‘»’0{ ¢ V%‘%C‘\bbldllﬂS? MO,
Transect Weighting and Analysis —

Results from each of the 31 transects (in WUA per 1,000 ft of
stream) were compiled into macrohabitat, reach, and river totals.
Weighting factors for expansion of transect data were derived from
the linear distance of the habitat types measured within each of
the four reaches. Total length of each macrohabitat type within
each reach was divided by the number of transects placed in each
habitat type. These factors were used to expand transect WUA
information to estimate macrohabitat and then reach WUA. Total
WUA for the entire river was generated by summing the results from
the four reaches, thereby incorporating the length of river they
each represent (i.e., 8,775 £t for the Narrows, 56,400 £t for
Garcia Gravel Pit, 41,400 ft for Daguerre Point Dam, and 18,500 ft
for the Simpson Lane reach). The results of these compilations
are contained in Appendix 1I for chinook salmon and Appendix III
for steelhead trout.

Fall- and Spring-Run Chinook Salmon

Spring-run chinook salmon were not modeled specifically, however,
the results of studies of Yuba River fall-run chinook salmon are

assumed to apply and to betfer meet the peeds of Xuba River pocm
spring-run than tRGse published in_%h erature. Ta—— f*’%t_h

ARSI

The WUA indices generated by the analyses indicate that the
greatest amount of chinook salmon fry habitat is available in the
lower Yuba River at a flow of 100 cfs (Figure 22). The flow
providing the most habitat for chinook juveniles is between 150
and 200 cfs. Five hundred to 700 cfs provides the greatest amount
of WUA for spawning salmon.

Separation of the components that create the total river WUA show
the contribution of each study reach and habitat type. Chinook
salmon fry WUA by study reach illustrates that the peak at 100 cfs
is consistent in the Garcia Gravel Pit, the Daguerre Point Dam,
and the Simpson Lane reaches while the value is highest at 300-cfs
in the Narrows Reach (Figure 23). For each of the habitat types,
WUA peaks at 100 cfs (Figure 23).

Chinook salmon juvenile WUA is most abundant near 200 cfs in the
Daguerre Point Dam and Simpson Lane reaches and stays at about the
same level between 100 and 350 cfs in the Garcia Gravel Pit Reach
(Figure 24). Separation into habitat type shows that run/glide
has the highest juvenile WUA at a flow of 200 cfs (Figure 24).

WUA for spawning chinook salmon shows somewhat more variation in
response to changes in reach than fry or juvenile WUA. 1In the
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Total WUA
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Garcia Gravel Pit and Simpson Lane reaches, the peak in WUA occurs
at 700 cfs, but the WUA peaks at 450-500 cfs in the Daguerre Point
Dam Reach (Figure 25). Spawning WUA peaks at 400 cfs in low
gradient riffles, at 700 cfs in run/glides, at 900 cfs in shallow
pools, and is barely present in deep pools (Figure 25).

Most WUA for all chinook salmon life stages is found in the Garcia
Gravel Pit and the Daguerre Point Dam reaches. Comparing these
two reaches, the Garcia Gravel Pit reach provides the most WUA for
the juvenile and spawning life stages while the two reaches
provide roughly comparable amounts of fry habitat.

Steelhead Trout

The greatest amount of steelhead fry WUA in the lower Yuba River
occurs between 100 and 200 cfs (Figure 26). For steelhead
juveniles, the flows providing the most habitat range from 200 to
350 cfs. Six-hundred to 800 cfs provides the greatest amount of
WUA for spawning steelhead.
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Figure 22. Chinook salmon spawning, fry, and juvenile WUA/stream
discharge relationships in the lower Yuba River, California.
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Figure 23. Chinook salmon fry WUA/stream discharge relationships
for the Simpson Lane (Simp), Daguerre Point Dam (Dagu), Garcia
Gravel Pit (Garc), and Narrows (Narr) study reaches, and for the
riffle (Riff), run/glide (R/G), shallow pool (SP), and deep pool
(DP) habitat types in the lower Yuba River, California.
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Figure 24. Chinook salmon juveniles WUA/stream discharge
relationships for the Simpson Lane (Simp), Daguerre Poing Dam
study
reaches, and for the riffle (Riff), run/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat types in the lower Yuba

(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr)

River, California.
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Figure 25. Chinook salmon spawning WUA/stream discharge
relatioships for the Simpson Lane (Simp), Daguerre Point Dam
(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr) study
reaches, and for the riffle (Riff), run/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat types in the lower Yuba
River, California. 75
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Figure 26. Steelhead trout spawning, fry, and juvenile WUA/stream
discharge relationships in the lower Yuba River, California.

Separation of the components that create the river total WUA show
the contribution to the total of each study reach and habitat
type. Peak steelhead fry WUA occurs at 100 cfs in the Garcia
Gravel Pit Reach, 150 cfs in the Daguerre Point Dam Reach, and 250
to 500 in the Simpson Lane Reach (Figure 27). The most steelhead
fry habitat occurs at 900 to 2,000 cfs in the Narrows Reach.
Run/glide habitat provides the majority of habitat, and WUA peaked
at 100 to 200 cfs in this habitat type (Figure 27). Deep pools
provide the least amount of fry habitat.

Juvenile steelhead WUA is greatest at 200 to 450 cfs in the Garcia
Gravel Pit and Daguerre Point Dam reaches (Figure 28). The
majority of juvenile steelhead habitat in the lower Yuba River is
found in these two reaches. Run/glide habitat has the highest
juvenile WUA at a flow of 250 to 450 cfs (Figure 28). Run/glide
and shallow pool habitat types comprised the majority of the
juvenile WUA. Deep pools and riffles comprised the least amount

of the WUA.

WUA for spawning steelhead peaks at 700 to 800 cfs in the Garcia
Gravel Pit Reach, 450 to 500 cfs in the Daguerre Point Dam Reach,
and 600 to 900 cfs in the Simpson Lane Reach (Figure 29). No
spawning habitat is available at any flow in the Narrows Reach.
Run/glide habitat provides substantially more spawning than do the
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Figure 27. Ssteelhead trout fry WUA/stream discharge relationships
for the Simpson Lane (Simp), Daguerre Point Dam (Dagu), Garcia
Gravel Pit (Garc), and Narrows (Narr) study reaches, and for the
riffle (Riff), run/glide (R/G), shallow pool (SP), and deep pool
(DP) habitat types in the lower Yuba River, California.

-77-

C—066849
C-066849



}

EERY
K

-

Total WUA

(Thousands)

10000
9000 - REACH
8000 —
7000 -

6000 -

.......

. Discharge (cfs)
8  River +  Simp o Dagu a Garc x  Nar

9000 - HABITAT TYPE

8000 —
7000 ~
6000 —
5000 —~
4000 ~
3000 —

2000 ~

1000

o ¥ L T 1 ¥ ] L L 1 L L

-
0 400 800 1200 1600 2000 2400

Discharge (cfs)
] River + Rift o.(RIG

Figure 28. steelhead trout juvenile WUA/stream discharge
relationship for the Simpson Lane (Simp), Daguerre Point Dam
(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr) study
reaches, and for the riffle (Riff), run/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat types in the lower Yuba
River, California. 78
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Figure 29. Steelhead trout spawning WUA/stream discharge
relationships for the Simpson Lane (Simp), Daguerre Point Dam
(Dagu), Garcia Gravel Pit (Garc), and Narrows (Narr) stud?{
reaches, and for the riffle (Riff), run/glide (R/G), shallow
pool (SP), and deep pool (DP) habitat types in the lower Yuba
River, california.
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other habitat types (Figure 29). Run/glide habitat provided the
greatest habitat at a flow of 600 to 800 cfs.

Separating the lower Yuba River into reaches with all
macrohabitats combined indicates that for all life stages of
steelhead trout, the greatest WUA is found in the Garcia Gravel
Pit and Daguerre Point Dam reaches. Of the two reaches, the
Garcia Gravel Pit reach provides the most WUA for all stages,
particularly for spawning.

American Shad

American shad life stage WUA/discharge relationships were not
modeled since habitat criteria adequate for use in the Instream
Flow Model were not developed from observations of lower Yuba
River shad. Site-specific habitat criteria should be developed,

) and an IFIM study should be conducted to quantify the changes in
iva\\ shad life stage WUA over a broad range of flows. Key life stages
are adult (migration and spawning), egg and larvae, and juvenile.
Results of these subsequent investigations should be used to
"l analyze flow needs and to develop recommendations to protect and
enhance the American shad fishery of the Yuba River.

\p-

Until the above studies are completed, instream needs
recommendations must be based on current understanding of American
shad habitat needs.

Studies by Painter et al. (1979) indicate American shad spawning

for the first time enter the mainstem Sacramento River and its
tributaries in proportion to the outflow from that river or D
tributary during April, May, and June. Results of studies of the 3
Yuba River American shad sport fishery angler catch rate (Meinz J
1981) and analysis of Yuba River flows (Appendix I) indicate a Pyl
greater shad population with increased flow over the years PR S
1976-1978. Based upon the present understanding of American shad,
flows of 1,000, 2,000, and 1,500 cfs during April, May, and June,
respectively, should be adequate to attract adult fish, and
maintain suitab1e§§2322i23 and American shad fishery conditions in

the lower Yuba River. W koot Awes Hhin mecen 2

e ‘\/ Lo

X Furtheﬁgto promote shad spawning success and shad angler success,
daily ow fluctuations during May and June should be minimized.
io\ﬂ\}‘(\ —~Unpublished data from studies by DFG indicate that spawning

| e ﬂ' intensity, measured by egg abundance, increases or decreases in

AJ* the direction of the te re change. This response to
temperature change is(éelieve to impact the catchability of shad

V\
R igﬁkas well. Since changes in streamflow affect water temperature,
! o-&o particularly downstream of Daguerre Point Dam, flow fluctuations

v should not exceed 200 and 150 cfs on a weekly basis during May and
vV June, respectively.
i B pereysph woo semewed heaetedf said dtregs Shoold mit exandd d‘"’/a
l-\mc Auenay o~ Lo dur ey Apd et Drguenie fh’)é"gf"lk ¢ Shald be
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Conclusions

Chinook salmon and steelhead life stage WUA/streamflow indices for
the lower Yuba River are similar. However, the indices suggest
that chinook salmon require somewhat less streamflow than do
comparable steelhead life stages. Chinook salmon spawning, fry,
and juvenile habitats are maximized at 500 to 700, 100, and 150 to
200 cfs, respectively. Steelhead life stage habitats,
on-the-other-hand, are maximized at 600 to 800, 100 to 200, and

200 to 350 cfs, respectively.

Run/glide habitat provides the most WUA for all salmon and
steelhead life stages. It is also the most abundant macrohabitat
type in the study area consisting of 37% of the lower Yuba River.
The greatest concentration of this habitat is within the Garcia
Gravel Pit and Daguerre Point Dam reaches where 94% of the river's
habitat is found in these two reaches. The Garcia Gravel Pit
Reach contains substantially more run/glide habitat (26,825 ft)
than does the Daguerre Point Dam Reach (17,075 ft).

Evaluation of the chinook salmon and steelhead WUA/streamflow

indices for the lower Yuba River, river sections, and species
periodicities, provide insight into streamflows which benefit

these anadromous species. The primary salmon and steelhead

activities from mid-October through March are upstream migration,
spawning, and egg incubation. The Garcia Gravel Pit and Daguerre

Point Dam reaches provide nearly all of the spawning habitat in Mo —
the lower Yuba River. A flow of about 700 cfs at the Marysville | fp.s
gage maximizes spawning habitat in the Garcia Gravel Pit Reach. tﬂjﬁh
Although spawning habitat maximizes at 400 to 500 cfs in the s >
Daguerre Point Dam Reach, 700 cfs does not substantialliy reduce

the amount of spawning habitat available. In addition, 700 cfs

would facilitate upstream migration of adult fall-run chinook

salmon and steelhead. Since spring-run chinook salmon enter the

river from March through July, flows in the river during that

period would affect their upstream movements.

During some years, irrigation demands may extend through October. < bt
Consequently, if 700 cfs is maintained downstream of Daguerre %7an
Point Dam, flows upstream in the Garcia Gravel Pit “each could be—y /
as high as 1,785 cfs. Flows of this magnitude adversely affect - giwcown
available spawning habitat. However, since October is early in be. deas
the chinook spawning period, and before steelhead begin to spawn,
adverse effects on overall spawning success should be minimized.

¢

-Maintaining 700 cfs in the river throughout the spawning and

incubation periods would prevent dewatering of redds and/or
stranding of young chinook salmon and steelhead. In addition,
maintaining at least 700 cfs during the juvenile chinook salmon
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‘il’“' and steelhead outmigration period (April through June) would
i facilitate their downstream movement. Although 700 cfs would

H [

benefit salmon and steelhead spawning, incubation, and emigration
(V¢ life stages, maintaining 700 cfs in the river from approximately
‘Jﬁq mid-October through June each year would reduce the amount of
'.o«(’habitat available for chinook salmon and steelhead fry and
v juveniles.

!

Once young salmon and steelhead have emigrated (late June),
maintaining approximately 300 cfs in the river would benefit
juvenile steelhead. Flows in this range, however, could adversely
affect spring-run chinook salmon upstream migration.

Virtually no information regarding American shad life stage
streamflow needs were developed during this investigation.
NS However, available information provides insight into shad instream

needs in_the lower Yuba River. Suitable conditions are needed
to attract adult migrating shad. Evaluation of
America ad occurrence and distribution, and angler effort and

catch information suggest that a streamflow of 1,000 cfs at the
Marysville gage during April; 2,000 cfs during May; and 1,500 cfs
during June would provide suitable attraction, migration,
spawning, and shad recreational fishery flows. No information is
available pertaining to streamflows which may benefit American
shad rearing and emigration needs.

o Integrating chinook salmon, steelhead, and American shad

_ streamflow/habitat relationships on the lower Yuba River is
necessary to develop a flow regime which balances species life
stage needs. Habitat needs vary with time of year and life stage.
Chinook salmon and steelhead primary activities from mid-October
through March are adult migration, spawning, egg incubation, and
fry rearing. March through mid-October primary activities are
adult migration, spawning, egg incubation, and fry rearing during
April, May, and June.

Seven-hundred cfs in the lower Yuba River from mid-October through
March would provide good conditions for salmon and steelhead
adult, migration, and spawning. Maintaining this flow would
ensure that redds would not be dewatered, and that young salmonids
would not be stranded. Flows of this magnitude would reduce
salmonid fry and juvenile habitat. However, this reduction in
habitat is not considered significant. On-the-other-hand, 700 cfs
flow would benefit early outmigrant juvenile spring-run chinook

o L o0

salmon. S Sea post salpey ..x.&em:iﬁ??m

One-thousand, 2,000, and 1,500 cfs at the Marysville gage in
April, May, and June, respectively, would provide suitable
conditions for continued spring-run salmon smolt emigration and
suitable conditions for fall-run salmon and steelhead smolt
emigration. Further, the flows would prevent salmonid redd
dewatering and young fish stranding. They would also provide
acceptable adult spring-run chinook salmon attraction and

I
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migration flows as well as American éi&d attraction, migratian}
and spawning flows. In addition, these flows would provide
suitable shad angling conditions.

/
Flows ranging from 1,000 to 2,000 cfs during April, May, and June

would reduce the amount of fry and juvenile salmonid physical

habitat which would be available at lower flows. Flows of this
magnitude, however, are necessary to ensure meeting other species

life stage needs. Further, in view of the lower Yuba River’s .
degraded condition, habitat modification programs could redevelop 5?12f

f -
ry and juvenile habitats at these flo?ga‘rmnﬂc /b T2

Two-hundred-£fifty to 450 cfs at the Marysville gage during Jul
through mid-October would provide good young steelhead(?ng s§ad 741
rearing conditions. Flows upstream of Daguerre Point Dam cou
range up to 1,535 cfs during this period, but the impac:is on young
steelhead and shad should not be significant. Further, these

impacts could be ameliorated by redeveloping juvenile steelhead
physical habitat upstream of Daguerre Point Dam.
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WATER QUALITY CONDITIONS

Man’s activities have historically adversely affected the quality
of water in the lower Yuba River. Investigations were conducted
to: 1) identify and locate known point source discharges within
and upstream of the study area, 2) evaluate water quality
characteristics, and 3) determine the potential solutions to any
identified water quality problems.

Existing water quality data were collected and analyzed for the
Yuba River from New Bullards Bar Dam downstream to the confluence
with the Feather River. Information from the following sources
was used to describe water quality dating from 1950: published
and in-house agency reports; STORET data bank; WATSTORE data bank;
and selected agency files and personal communications of the DFG,
California Regional Water Quality Control Board (RWQCB),
California Water Resources Control Board (CWRCB), U.S.
Environmental Protection Agency (USEPA), U.S. Fish and Wildlife
Service (USFWS), and U.S. Army Corps of Engineers (USACOE). This
water quality data is contained in Appendix IV. Water quality
sampling sites are found in Figure 2.

With the exceptions of the urbanized area near the Yuba River at
Marysville and the Yuba Goldfields, land use along both banks of
the river within the study area is primarily agricultural. No
active hydraulic mining in the Yuba River within the Yuba
Goldfields is permitted.

Poi h

No point discharges (sewer treatment plant outfalls, industrial
discharges, agricultural return flows) that require National
Pollution Discharge Elimination Systems (NPDES) permits empty
directly into the lower Yuba River. However, NPDES permits have
been issued for two point discharges located on Deer Creek.
Dischargers of treated domestic wastewater into Deer Creek, a
tributary entering the lower Yuba River just downstream of
Englebright Dam, include the City of Nevada City and the Nevada
County Sanitation District No. 1 (Lake Wildwood) (Figures 1 and
2). A third, provisional NPDES permit was issued in 1984 for
discharge of domestic wastewater from a proposed tertiary
treatment facility into Sanford Creek, another tributary near
Smartville. This waste treatment facility, part of a 199-unit
development supervised by the Hammonton Golden Village Homeowner's
Association, has yet to discharge effluent into Sanford Creek.

Monthly monitoring reports submitted to the RWQCB by Nevada City
and Nevada County Sanitation District include measurements of
effluent volume, biochemical oxygen demand, suspended matter,
settleable matter, specific conductivity, pH, total coliforms, and
residual chlorine at the point discharge site. Review of these
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and other records indicate that no adverse effects on water
quality from these dischargers are evident in the lower Yuba

River.

The management of Lake Wildwood by the Lake Wildwood Homeowners

Association does create water quality problems in the Yuba River.

The lake is drawn down each year for maintenance and removal of
accumulated sediments. This activity often results in discharge
of sediments to and increased turbidity in Deer Creek and the
lower Yuba River. The fishery in Deer Creek below Lake Wildwood
has been adversely impacted due to the discharge of effluent
and/or sediment discharge, reduced flows and increased water

temperatures (John Hiscox, DFG, per. comm., 1989). This siltation

may adversely affect aquatic organisms and reduce available
spawning habitat due to sediment deposition. Presently,
facilities are being developed to prevent the sediments from
reaching Deer Creek and the lower Yuba River.

n-— isch
The existing water quality character of the lower Yuba River is

determined by non-point sources, including runoff from adjacent
lands and groundwater accretion. With the exception of streams

tributary to the lower Yuba River, all potential sources of water
pollution that do not originate from a point source are considered

to be non-point discharges.

General Water Quality Characteristics
of the Lower Yuba River

The water quality parameters included in Table 19 are commonly
used to describe the general water gquality of natural waters.
Water temperature is discussed in a separate section.

Table 19. List of parameters commonly used to describe general

—water quality condijtions,
Dissolved Oxygen Magnesium Bicarbonate
PH Sodium Nitrate
Total Dissolved Solids Potassium Nitrite
Conductivity Chloride Total Alkalinity.
Turbidity Sulfate Total Phosphorus
Calcium Carbonate Total Hardness
Chemical Oxygen Demand Ammonia Water Temperature
Biochemical Oxvgen Demand

The data evaluated during this study indicate that the general
water quality of the lower Yuba River is quite good. Dissolved
oxygen concentrations are high and near ideal for supporting
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salmonids. Total dissolved solids, pH, hardness, alkalinity, and
turbidity are well within acceptable and even preferred ranges for
salmonids and other key freshwater biota. Despite extensive
surrounding agricultural land use, nutrients (i.e., phosphorus,
nitrogen) are generally below concentrations considered promotive
of algal growth and other common symptoms of enrichment. Ammonia
has consistently been well below levels considered harmful to
salmonids.

Inorganic Elements

Arsenic, nickel, selenium, and iron have been detected in the
lower Yuba River, but in quantities well below the USEPA (1986)
acute or chronic freshwater criteria. No criteria are specified
by the USEPA (1986) for aluminum, barium, boron, and manganese.
However, concentrations of these elements have been at or below
average for natural freshwaters and well below toxic levels.
Concentrations that exceed the USEPA (1986) criteria or which are
otherwise considered unsafe or harmful to freshwater biota have
been measured for cadmium, copper, lead, mercury, and zinc.
However, such concentrations occurred infrequently and were
probably in a less toxic complex form or particulate form. 1In
addition, the consistent detection of mercury in sediment and
tissue samples verifies the continuing presence of historical gold
processing by-products.

Other Substances or Compounds

This category refers to a variety of inorganic and organic
constituents which are typically not found in natural waters and,
if found, indicate contamination from man-made chemicals. If
present, these substances typically are found in small amounts,
but in many cases are highly toxic.

Samples for substances or compounds, such as cyanide, chloroform,
pesticides, petroleum hydrocarbons, and polychlorinated biphenyls
(PCBs), have been taken in the lower Yuba River. Cyanide,
chloroform, and petroleum hydrocarbons have not been detected.
With the exception of DDT, DDE, and DDD, and PCBs, no pesticides
or other chlorinated organics were found in detectable guantities
in water, fish tissue, or sediment samples. The detection of DDT,
DDE, DDD, and PCBs in fish tissue samples is consistent with the
fact that extremely high bioaccumulation can occur even with low
or undetectable levels of DDT or PCBs in water or sediments. The
presence of DDT (and some of its metabolites) and PCBs in fish
tissues has also been detected in other California drainages with
a history of appreciable agricultural runoff (LaCaro et al. 1981),
and an on-going monitoring program has been implemented (CWRCB
1987). DDT has been banned since 1972, and PCBs have been highly
restricted since 1979. As a result, levels of DDT and PCBs in the
environment have steadily decreased. However, both are expected
to remain as detectable fish tissue contaminants for many years
because of their persistence and movement in the environment
(LaCaro et al. 1981).
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Conclusiong

No point discharges (sewer treatment plant outfalls, industrial
discharges, agricultural return flows, etc.) that require NPDES
permits empty directly into the lower Yuba River. Discharges of
treated domestic wastewater into Sanford Creek and Deer Creek,
tributaries of the lower Yuba River, do not appear to have adverse
effects on water quality of the lower Yuba River, but, the Deer
Creek fishery has been adversely impacted. Maintenance at Lake
Wildwood has created sediment discharges in the past. However,
facilities are being developed to prevent the sediments from
reaching Deer Creek and the lower Yuba River.

Analysis of dissolved oxygen concentrations, total dissolved
solids, pH, hardness, alkalinity, and turbidity indicate that the
general water quality of the lower Yuba River is quite good and
well within acceptable ranges for salmonids and other key
freshwater biota. Nutrients, such as phosphorus and nitrogen, are
generally below concentrations considered promotive of algal
growth. 2Ammonia has consistently been well below levels
considered harmful to salmonids.

Concentrations of minor or trace elements that exceed the USEPA
(1986) criteria or which are otherwise considered unsafe or
harmful to freshwater biota have been measured for cadmium,
copper, lead, mercury and zinc. Such concentrations occur

infrequently.

Detectable concentrations of DDT, DDE, and DDD, and PCBs have been
found in water, fish tissue, or sediment samples but the
concentrations have not been considered unsafe or harmful to

freshwater biota.

Water quality of the lower Yuba River is good and it does not

appear problems will develop in the near future, however, the
following water quality criteria are recommended to be achieved in

;eiiiving waters below Englebright Dam and Daquerre Point Dam as
ollows:

1) Dissolved oxygen not less than 7.0 ppm. -

2) The pH not to exceed the range of 6.5 to 8.5.

ns
. §{§{ 3) No discharge of heavy metal or other constituents which

cause chronic or acute toxicity to any life stage of the
aquatic resources.

4) No discharge of turbid water or water containing
settleable so0lids in excess of RWQCB Basin Plan
Standards.
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CHANNEL STABILITY ANALYSIS
ARD
SPAWNING GRAVEL RESOURCES ASSESSMENT

The IFIM used to evaluate fish habitat and flow relationships in
the fisheries investigations assumes stable and constant channel
morphology. The usefulness and validity of the IFIM model depends
upon the ability to predict the future character and mechanics of
the sediment transport system. Dams alter the sediment supply and
discharge resulting in long-term effects on channel morphology and
substrate that may change the amount and suitability of spawning
substrates.

Historical Channe] Stabjility

An historical channel stability analysis was conducted to evaluate
the applicability of assumptions about channel morphology and
geomorphic processes related to the validity of IFIM in the lower
Yuba River. This involved extensive analysis of historical maps
and channel cross sections of the river principally from Gilbert
(1917) and Adler (1980) (Figure 2), USGS gaging records, and
aerial photographs.

The lower Yuba River has undergone profound changes in channel
course, pattern, and bed elevation since the mid-19th century as a
result of a massive influx of sediment derived from hydraulic
mining in its basin. Hydraulic mining abruptly ceased in 1884,
but the lower Yuba River continued to aggrade for about 20 years
(Figure 30). After the turn-of-the-century, the braided, unstable
channel gave way to a stable, single-thread channel deeply incised
into the recently deposited debris plain. The incision was the
result of natural recovery from a major aggradational event, and
to a lesser extent, the influence of engineering works such as
debris dams and training levees. Although definitive evidence is
lacking, it appears that the recovery from the influx of hydraulic
mining debris (incision and accompanying stabilization) was
largely complete by about 1950.

Lateral channel migration was observed as late as 1973 through
1986 and can be viewed as normal in quasi-equilibrium. The
geometry of the shifted channel is likely to remain unchanged, so
the distribution of depths and velocities for a given discharge
are probably stable.

Gravel Resources Assegsment

A largely qualitative assessment of gravel resources was performed
based upon field reconnaissance, sampling of gravel deposits, and
knowledge of recent geomorphic history of the channel.

Spawning gravels are scarce in the Narrows Reach because of the
lack of upstream recruitment due to Englebright Dam, and because
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the high-energy canyon environment discourages deposition. Gravel
is abundant and of generally good quality in the Garcia Gravel Pit
and Daguerre Point Dam reaches. In the lower part of the Simpson
Lane Reach, the bed becomes dominated by finer-grained deposits
and gravels become less plentiful. Gravels that occur in this
reach contain higher fine sediment fractions, and thus are less
suitable for salmon spawning. Even in the Daguerre Point Dam
Reach, numerous gravels were observed to have high levels of
interstitial fine sediments. However, gravels in the preferred
spawning sites were loose, and thus potentially usable by spawning
fish. This is probably due to the flushing and mixing of the bed

material ,Q y periodic high flows, such as during 1986. f‘ 6 1.3

The lower Yuba River downstream of the Narrows possesses an
abundance of suitably-sized chinook salmon spawning gravel,
remaining from the massive deposits of hydraulic mining debris
dating from the turn-of-the-century. Because of the tremendous
volumes of gravel remaining in the river, it is unlikely that
spawning gravel will be in short supply in the foreseeable future.
Armoring of the channel bed (rendering suitable spawning gravels
inaccessible to spawners by development of an immobile layer of
cobble over the usable gravel beneath) is possible, but has not
developed to-date.

However, the DFG believes the habitat for fry and juvenile life
stages of salmon and steelhead are currently less than optimum.
This is believed due to channel narrowing and incision that have

, acted to reduce available habitat for these life stages.

Conclugiong

The available evidence indicates that the lower Yuba River is
probably now in equilibrium with prevailing water and sediment
discharge and that results of an IFIM study can be extrapolated
into the future under existing basin conditions.

Overall, the spawning gravel resources in the lower Yuba River can
be considered excellent based on the abundance of suitable gravels
in the Garcia Gravel Pit and Daguerre Point Dam reaches. However,
no new recruitment of gravel can occur in the Narrows Reach due to
the presence of Englebright Dam. Gravel extraction within this
area should be carefully evaluated and monitored. Gravel of
suitable quality and quantity should be placed at locations

' between the Narrows and Englebright Dam to improve the spawning

conditions for adult spring-run chinock salmon. Future licenses
and permits for projects on the Yuba River should be conditioned
to provide for gravel replenishment, as necessary.

Gravel extraction within the Yuba River flood plain should be
restricted to skimming type operations that only remove materials
not suitable as substrate for spawning chinook salmon and
steelhead. Excavations below the thalweg should only be allowed
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behind levees capable of protecting the work area from a 100-year
flood event. No activities should be allowed which could result '

in changes in channel location.

Spawning habitat for salmonids shall be maintained through y
conditions that prevent sedimentation and gravel cementation. !

Habitat improvement projects should be implemented and should

include construction of shallow '"rearing"” areas and "braided"
channels designed to optimize habitat requirements for fry and

juveniles.
lerernaed ;
Sw)ookirco 0-1 QW M&Jﬁa S/\:rr.ﬁcllé& :

Corrsidaec] O ]MC/\-QMCJH ft"f“'Lq’m"@
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',\ BARRIERS TO ANADROMOUS FISH MIGRATION

l For nearly a century, the lower Yuba River has been plagued by a
] number of barriers to the upstream migration of anadromous fishes.
v+ Hydraulic mining activity during the latter half of the 19th
century generated over 6 million cubic yards of gravel and debris,
o and much of it was washed into the Yuba River. To prevent
o downstream movement of this debris, a debris dam was constructed
E-!r N in 1904-1905. This dam completely blocked the river to upstream

= fish passage. The dam washed out 2 years later. In 1906,
Daguerre Point Dam was constructed 4.5 mi downstream of the
original debris dam as a more permanent structure (Figure 2).

l Fish ladders were provided in Daguerre Point Dam, but were
ineffective. By 1950, the passage problems for chinook salmon and
steelhead trout improved with the installation of new and more

' efficient ladders at Daguerre Point Dam. Currently, upstream
passage through Daguerre Point Dam is considered adequate for
chinook salmon based upon annual spawning stock surveys conducted

x by the DFG. However, few American shad and no striped bass use
P this facility (Wooster and Wickwire 1970). Upstream of Daguerre
‘pOéy Point Dam, construction of the 0ld Bullards Bar Dam in 1921 and
A Englebright Dam in 1941 completely blocked upstream movement of
)\tﬁ\l fish-
™™
. More recently, upstream movement over shallow riffles during

. minimum flow conditions were of concern. Minimum flow for fish

are specified by an agreement executed September 2, 1965 between

- the DFG and the YCWA. The agreement specifies minimum flows at

the crest of Daguerre Point Dam and through its fishways under
average water year conditions: 70 cfs is the minimum to be
released from July 1 through September 30; 400 cfs October 1
through December 31; and 245 cfs between January 1 and June

30. Minimum flows are subject to dry year conditions, where
reductions up to 30% are based upon water year streamflow
forecasts by the California Department of Water Resources (DWR).
The absolute minimum fishery release is 70 cfs. A copy of the
1965 agreement is contained in Appendix V.

, Aerial surveys of the lower Yuba River were conducted on October
|l 14 and November 12, 1986 to assess current conditions for upstream
migration and distribution of spawning fall-run chinook salmon.
Distribution of spawning was further evaluated using aerial
photographs and from the ground during microhabitat surveys of
l spawning salmon.

Naturally occurring critical riffles were identified during
habitat mapping and represented by IFIM transects located at the
Simpson Lane and Daguerre Point Dam IFIM transect sites (Figure
2). Depth measurements were collected along two transects at each
of the two lower sites on July 17, 1987.t6 assem minimum fishery
flow conditions (70 cfs). PHABSIM was(hsea To simulate water

. T i
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surface elevations related to discharge levels beyond those flows l
measured. Additionally, a critical riffle beginning directly

below Transect 1 at the Simpson Lane site was surveyed for its I
longitudinal profile. Measurements of maximum water depth were <k
taken along the thalweg beginning at the crest of the riffle and
extending downstream to the head of the next pool. Measured

discharge levels were 35 cfs at Daguerre Point Dam and 84 cfs near
Simpson Lane.

The recommended minimum clearance depth for upstream migration of l
adult chinook salmon varies in the literature. Thompson (1972)
suggests a minimum depth of 0.8 ft. Further, the minimum depth

must cover continuously at least 10% of the stream’s

cross-sectional profile. Lastly, 25% of the cross-section must Il
also meet the criteria, though not within contiguous widths. ‘
Evans and Johnston (1980) recommend a passage minimum depth of 1.0

ft. A depth equaling two-thirds of the fish’s body depth is .
mentioned by Bovee (1982).

rResults of aerial and ground level surveys of the lower Yuba River

during October through December 1987, when chinook salmon upstream

migration and spawning were at their peak, revealed that there

\ were no barriers to upstream migration at prevailing flows. This

y was substantiated by the presence of spawning salmon throughout
\$ the lower Yuba River to Rose Bar and confirmed that the Daguerre

(é Point Dam fish ladders were operational under the observed flow

\ A conditions. Mean monthly flows at Marysville during October

\ :.lgmgmixgh December were 461, 497, and 684 cfs, respectively (USGS 3

8).

- ) 2 Comparison of fish passage criteria to conditions available in the
jdgksW* lower Yuba River at and below Daguerre Point Dam indicate 70 cfs
ool 5009 18 not sufficient to meet depths approximating Thompson’s (1972)

' "?qa criteria at the riffles posing greatest passage limitations in the
lawbH Simpson Lane and Daguerre Point Dam reaches. Results of the
'wﬁkFS‘ PHABSIM analysis at the Daguerre Point Dam and Simpson Lane

o transect sites are contained in Appendix VI. Of the critical

riffles evaluated, the riffle posing the greatest potential to
prevent fish passage is the Simpson Lane IFIM Transect 1. Even at
a flow of 100 cfs, the Simpson Lane IFIM Transect 1 would not meet
fish passage criteria (Figure 31). It is doubtful that a flow-of
100 cfs would be sufficient to meet the criteria for the Simpson
Lane Critical Riffle Thalweg site below Transect 1 (Figure 32).
Therefore, streamflows in excess of 100 cfs are necessary to
provide minimum upstream passage for adult chinook salmon at all *
locations along the lower Yuba River downstream of Daguerre Point

X Dam. Extrapolation of the Simpson Lane IFIM Transect 1 data

i indicates that a minimum of approximately 175 cfs 9;& required to

5 asmwat”
f]

meet Thompson’s (1972) criteria.

prEsS
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Figure 31. Height of stream channel to water surface elevation
(ft) at Simpson Lane IFIM Transect-1 site, lower Yuba River,
California. Depths measured at 84 cfs, depths estimated using
PHABSIM for flows of 50 and 100 cfs.
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Figure 32. Height of stream channel to water surface elevation
(ft) at Simpson Lane Critical Riffle Thalweg site at 84 cfs,
lower Yuba River, California.

Conclugions

Flows of 175 cfs are needed to provide minimum upstream passage
for adult chinook salmon. This was determined using the depth
criteria of 0.8 feet covering continuously a minimum of 10% as
well as 25% of the non-contiguous area of the stream cross-section
as the minimum clearance depth for adult chinook salmon upstream

migration.

Fish passage over Daguerre Point Dam appears adequate for chinook
salmon and steelhead, however, few American shad and no striped

bass are found upstream.
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EFFECTS OF FLOW DIVERSIONS
ON
JUVENILE ANADROMOUS SALMONIDS

Existing and proposed water rights and diversions were identified
and characterized for the lower Yuba River from Englebright Dam
downstream to the confluence with the Feather River.

The adequacy of fish screening facilities at existing diversions
was also assessed.

Location and Characteristics of Diversions

There are numerous riparian and appropriative water rights
existing along the lower Yuba River (Figure 33). The primary
consumptive use is offstream irrigation, which accounts for more
than 90% of offstream water users. The Yuba County Water Agency
(YCWA) is the most significant holder of water rights with permits
or licenses for 2,080,000 AF per year. The YCWA supplies water
for diversion primarily to the Hallwood Irrigation Company (78,000
AF), Cordua Irrigation District (72,000 AF), Ramirez Water
District (13,900 AF), Browns Valley Irrigation District (25,687
AF), Brophy Water District (35,330 AF), and South Yuba wWater
District (22,100 AF) (Table 20). An additional 18,204 AF exists
in miscellaneous riparian and active sales contracts. The
Hallwood Irrigation Company, Cordua Irrigation District, and
Ramirez Water District collectively divert water through the
Hallwood-Cordua Canal. The Brophy and South Yuba water districts
divert through the Brophy-South Yuba Canal. These water districts
have either their own water rights and/or purchase water through
contract from the YCWA. Also, the YCWA is presently actively
seeking sale of Yuba River water to other downstream users and the
California Department of Water Resources (DWR). Diversions from
the lower Yuba River generally occur during the period March
through October.

i A W e % - S =
P ‘é!!:%G!EEL

The Hallwood-Cordua Canal gravity flow diversion is located on the
north bank at Daguerre Point Dam and diverts a maximum of 625 cfs.
The Browns Valley Irrigation District diverts a maximum of 80.2
cfs using a pump for diversion and is located on the north bank
about 4,750 ft upstream of Daguerre Point Dam. The Brophy-South
Yuba Canal, a gravity flow diversion that diverts a maximum of 380
cfs, is located on the south bank and just upstream of Daguerre
Point Dam.

Entrajinment and Impingement at Diversions

The three major diversion facilities, Browns Valley Irrigation,
Hallwood-Cordua, and South Yuba and Brophy water districts, have
intake screening devices to prevent losses of juvenile salmonids
and other fishes. The Browns Valley Irrigation District diversion
is partially screened by a gabion which was constructed in 1983.
The gabion initially stretched across the mouth of the slough

(
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ll--"*~’l‘able 20. Summary of diversion rates (AF) by month for the major water

districts supplied by the Yuba County Water Agency, lower Yuba River,

l California (data suppled by the YCWA),
South
) Hallwood Cordua Ramirez Browns Valley Brophy Yuba
’ Irrigation Irrigation Water Irrigation Water Water
' Company Pistrict District __Distrjct  District District
) Month WRX WR PW+ WR WR PW PW PW
224 Mar 0 0 0 0 0 0 520 300

: !"U
T

d.i31 Jun 14,100 10,400 2,080 2,745 2,269 1,667 6,670 4,200

1,

)

Apr 10,000 4,500 900 2,010 2,269 1,667 4,795 3,000
May 14,500 10,600 2,120 3,270 2,345 1,666 6,460 4,000

70 Jul 13,600 11,100 2,620 1,920 2,345 2,500 6,985 4,400
25 Aug 12,900 11,000 2,600 1,755 2,345 2,000 5,525 3,400

'O

' |

99y Sep 8,000 5,900 1,180 1,500 2,269 0 3,750 2,400
Oct 4,900 _6,500 500 700 _2.345 0 625 400
Total 78,000 60,000 12,000 13,900 16,187 9,500 35,330 22,100
Max cfg 275 275 75 38.2 42 230 150

* (WR) Basic water right of respective water district.
+ (PW) Purchase water through contract with YCWA.

where the pump is located. However, a breach was cut through the
gabion near the upstream bank to enhance diversion flow after it
became clogged. This breech has reduced the gabion’s
effectiveness to screen out fry and juvenile fish. The DFG
monitored this diversion to estimate the chinook salmon smolt loss
in June 1987 (DFG 1987b). Entrainment losses of smolts were
calculated for diversion flows ranging from 10 to 75 cfs with
60-day losses estimated to range from 87 to 1,200 fish,
respectively. At the maximum legal diversion rate of 42 cfs,
total loss over a 60-day period was estimated to be 525 fish.
These losses appear small, however the overall cumulative effect
of losses at all diversion sites make these losses significant.

The Hallwood-Cordua gravity flow diversion utilizes a V-shaped
punched plate screen that is operated and maintained by DFG. At
the apex of the "V" a bypass system diverts fish to a collection
tank. The collected fish are returned to the river either through
a pipeline or by truck. This screen is efficient in preventing
the entrainment and impingement of juvenile salmonids (Hall 1979).
However, losses due to predation, principally by Sacramento
squawfish, occur near the screen face and upstream in the intake
channel. Losses ranged from 19.0% to 50.2% for test groups
examined during 1977 and 1978.
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The South Yuba-Brophy gravity diversion is screened by a rock
levee which was completed in 1985. The levee separates the
diversion pool from a diversion and bypass channel flowing
parallel to the levee. 1Its function is to prevent fish from
entering the diversion pool. The approval of this screening
device by DFG was contingent upon a 3-year study to ascertain
whether the levee would be 95% effective in preventing entrainment
to the diversion pool. The DFG surveyed the diversion pool inside
of the rock levee in March 1987. It was concluded that the levee
is permeable to small fish including chinook salmon, even when the
diversion is not operational, and that it would pass significant
numbers of salmon in proportion to the amount of water diverted
(DFG 1987a). Further studies of fish losses through the rock
levee were conducted in May 1988 using marked juvenile chinook
salmon (DFG 1988). Flows passing through the rock levee into the
diversion pool were estimated to be 80 cfs, 21% of the maximum
flow capacity of 380 cfs. No chinook salmon (marked or unmarked)
were found in the diversion pool. Although, no salmon were
diverted, losses did occur. Approximately 50% of the fish lost
were attributed to predation by Sacramento squawfish in the
diversion and bypass canal on the upstream side of the rock levee.

ral P ion on veni inook lmon

The extent of predation on migrating juvenile salmonids in the
lower Yuba River is unknown. However, Daguerre Point Dam and the
local diversion structures do provide conditions conducive to
excessive predation, and may contribute to significant salmonid
losses. Significant predation of juvenile salmonids has been
documented in the Sacramento River at the Red Bluff Diversion Dam
(Hall 1977) and in the Yuba River at the Hallwood-Cordua fish
screen (Hall 1979). The Brophy-South Yuba Diversion, located
across the river opposite the Hallwood-Cordua Diversion, is
another location where the impact of predation may be significant.
Losses may also occur immediately below Daguerre Point Dam where
emigrating salmonids may become disoriented by turbulent flow
conditions associated with passage over the face of the dam.

The stomach contents of Sacramento squawfish greater than 7.75 in
were examined for the presence or absence of juvenile chinook
salmon to evaluate squawfish predation on chinook salmon in the
lower Yuba River. Squawfish were captured by electrofishing at
nine sites located throughout the four reaches during February and
May of 1987. Other species known to prey on juvenile salmonids,
including striped bass, steelhead trout, largemouth bass,
smallmouth bass were not sampled in sufficient numbers for
analysis.

Sixteen Sacramento squawfish stomachs for content analysis were
collected during February and May 1987. The Squawfish examined
ranged from 15.9 to 26.6 in (FL). Fourteen stomachs were found
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to be empty. A single juvenile chinook salmon was present in each
of the two remaining stomachs. One of the two stomachs also
contained a Pacific lamprey ammocete. The absence of food items
may be due to the tendency of large squawfish to regurgitate their
stomach contents when captured by most methods and as a result of
their relatively high digestion rates (Brown and Moyle 1981). As
a result, it is difficult to conclusively determine the extent and
impact of squawfish predation of juvenile salmonids based solely

on stomach content analyses.

Conclugiong

The three most significant diversions along the lower Yuba River
are located at or near Daguerre Point Dam, and diversions
generally occur from late March through October. The Hallwood
Irrigation Company, Cordua Irrigation District, Ramirez Water
District, Brophy and South Yuba water districts, and Browns Valley
Irrigation Digtrict combined divert up to a maximum of 1,085 cfs.

Juvenile chinook salmon are lost at all three diversion intake
structures due to impingement, entrainment, and/or predation.
Individual losses at these diversions may not be significant.
However, the cumulative impact of these losses is significant.

Evaluation of predation on juvenile chinook salmon by Sacramento
squawfish found at sites away from diversion structures was
inconclusive. However, previous studies have documented

significant predation on young chinook salmon by Sacramento

squawfish at the Hallwood-Cordua fish screen on the Yuba River and

at the Red Bluff Diversion Dam on the Sacramento River. UPM;;;,L

In accordance with Fish and Game Code Section 6100, all @ wondl
diversions of water from the Yuba River should be screengd
according to criteria established by the Department. Existing
water diversions from the Yuba River (Brophy-South Yuba, Browns
Valley Irrigation District, Hallwood-Cordua Irrigation District)
are resulting in significant losses of fry and juvenile salmon and
steelhead. Existing gravel and weir type fish screens have proven
unreliable and ineffective and should be replaced and screened
according to current.Dia.criteria with "state of the art"

reee o

perforated plate or wedge wire type screens located "on river".
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RIPARIAN VEGETATION

Most of the original plant communities along the lower Yuba River
have been significantly altered from pristine conditions (USACOE
1977). Aalthough little is written specifically about the pristine
riparian forests of the lower Yuba River, it is believed that the
banks of the lower Yuba River and its adjacent natural levees once
were covered by riparian forest of considerable width. It has
been suggested that most riverine flood plains in California’s
Central Valley supported riparian vegetation to the 100-year

flood plain. It is likely that the Yuba River was no exception.

Riparian vegetation is important to the maintenance of the
anadromous salmonid fishery by providing: (1) stabilization of
river banks and reduction of sediment load in the channel, (2)
provision of shade to the stream channel thereby reducing water
temperature and providing overhead cover for fish, (3) enhancement
of stream nutrients due to decay of plant debris, and (4)
provision of streamside habitat for aquatic and terrestrial
insects that are preyed upon by £fish.

isting Pl mmun i

Plant communities of the study area were mapped from color aerial
photographs taken in October 1986 prior to significant leaf fall.
From these photographs it was evident that most of the river is
not shaded by the existing riparian plant community.

Three plant communities, one topographic feature, and one
generally designated unit of urban influence were mapped. The
plant communities were determined to be blue ocak/digger pine
woodland, riparian forest, and grassland/agriculture. The
topographic feature mapped was hydraulic mine tailings. Urban
influences mapped were gravel mines, houses, and off-road
vehicular use of the river bank.

Riparian vegetation accounted for 56% of the total lineal
shoreline coverage downstream of Englebright Dam (Table 21). Blue
oak/digger pine woodland accounted for 23%, hydraulic mine
tailings 11%, and all other community types combined 10%. —_

The existing riparian vegetation community has little influence or
impact on the aquatic resources of the lower Yuba River. For
example, most of the stream channel does not receive shade from
any vegetation. In terms of fishery management, there is a need
to restore and/or enhance the existing riparian community.
Presently, riparian vegetation in the lower flood channel
downstream of the Yuba Goldfields is regularly removed by DWR as
part of an ongoing flood flow maintenance program.
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Comparison of Existing and
i rical v v ver

The intent of this investigation was to compare the results of
this riparian investigation to those published by the U.S. Army
Corps of Engineers (USACOE 1977) to quantitatively assess the
magnitude of changes that may have occurred in the past decade.
However, only a qualitative comparison is attempted due to
possible differences in criteria used to distinguish community
types and the resolution of information available from the USACOE
vegetation and land use map.

The extent of community types in the Narrows Reach during the
1970s is essentially identical to that present today (Table 21 and
22). In the Garcia Gravel Pit Reach, there may have been
significant changes in streamside conditions since the early
1970s. Oak/pine woodland and chaparral comprised 11.2% of the
streamside in the 1970s, but now comprise 35%. In the 1970s,
riparian vegetation was present along about 9% of the reach,
whereas it is currently present along 44% of the reach. The
dominant streamside feature in the 1970s was hydraulic mine
tailings (70%), that currently comprises only 16% of the reach.

Table 21. Estimated extent of linear features along the lower

v ia, in 1986,
Simpson Lane Daguerre Pt. Garcia Gravel
Dam Pit
Community Tvpe £t % £t 5 ft -
Blue Oak/Digger Pine
Woodland 0 0 1,522 1 100,941 35
Riparian Vegetation 68,094 78 150,125 72 129,692 44
Grassland/Agricultural 6,949 8 0 0 o 0
Hydraulic Mine Tailings 0 0 22,779 11 47,974 16
Urban-Agricultural/ 12,027 14 33,194 16 13,851 5
Degraded Ruderal — e ——
Total 87,070 100 207,620 100 292,458 100
Narrows Total River
Community Type £t 3 b S ;
Blue Oak/Digger Pine
Woodland 41,457 97 143,920 23
Riparian Vegetation 1,458 3 349,368 56
Grassland/Agricultural o o0 6,949 1
Hydraulic Mine Tailings 0 0 70,753 1
Urban-Agricultural/ 0 o 59,072 9
Degraded Ruderal .
Total 42,915 100 630,063 100
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Table 22. Estimated extent of linear features along the lower l

Yuba River, California, during the earjy 1970’'s (USACOE 1977).
Garcia Gravel Narrows
Pit

community Type ft $ ft %
Blue Oak/Digger Pine

Woodland 11,880 10.8 16,500 89.3
Riparian Vegetation 9,900 9.0 0 0.0
Grassland/Agricultural 10,560 9.6 0 0.0
Chaparralx 436 0.4 1,980 10.7
Hydraulic Mine Tailings 77,220 70.2 0 0.0
Urban-Agricultural/ 0 0.0 0 0.0

Degraded Ruderal
Total 109,996 100.0 18,480 100.0

* Chaparral included with blue oak/ digger pine woodland plant
community during the 1986 investigations.

Comparison of current conditions with those of the early 1970s is

made with caution, however. The stabilizing of streamflow .
following completion of New Bullards Bar Dam appears to have

expanded the riparian community of the Garcia Gravel Pit Reach and

may have affected the remaining reaches downstream in a similar ll
manner.

Studies of the existing riparian plant community indicate it is

only minimally benefiting the fishery. For example, most of the

stream channel does not receive any shade from overhanging '

vegetation. The existing riparian community should be enhanced to
provide benefits to fish as well as wildlife.

One such manner of riparian habitat improvement could be provided
through transfer of uncompleted wildlife mitigation for impacts
caused by Bullards Bar Reservoir to the lower Yuba River. Such
mitigation could include land acquisition and enhancement o{__,//
riparian vegetation.

As a result of riparian investigations of the lower Yuba River,
the value of stream side riparian and adjacent wildlife

habitat has become very evident. The DFG recommends that the YCWA
provide funds for acquisition of acreage of lands adjacent to the
Yuba River below Englebright Dam as an alternative to the wildlife
habitat mitigation provisions of the Agreement between DFG and the
YCWA for New Bullards Bar. S8Such land should be operated for
habitat protection and fish and wildlife oriented recreation by
DFG with annual funds for habitat improvement and protection
provided by the YCwWA.
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Removal of riparian vegetation, due to its value for food
production (terrestrial insects) for juvenile salmon and steelhead
as well as nutrient input to the river system and its use by many
wildlife species, should be carefully evaluated to assure no net
loss to protect fish and wildlife resources. Riparian vegetation
is included in the California Fish and Game Commission’s
definition of wetland vegetation and compensation must be sought
in line with Commission policy. Programs for restoration and
improvement of riparian habitat should be implemented.
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PUBLIC RECREATION AND ACCESS ‘ ! ‘

Current recreational use and access of the Yuba River is severely «-'
limited due to poor access. Total angling use in 1962 on the

lower Yuba River was estimated to be 19,400 angler-days (DFG

1965a). Historic legal access sites include the access road to

the gravel plant on the north side of the river at the Highway 20

bridge crossing, at Hallwood Avenue approximately 4.5 mi

downstream of Daguerre Point Dam, and from the Feather River.

Limited access is available across the University of California

property and various private properties.

The Highway 20 bridge access is from a road that leads to a gravel
plant located upstream of the bridge. This road is blocked some
distance from the river by a gate operated by the gravel company.
Foot access beyond this gate is generally permissible. However,
parking is virtually nonexistent along this road.

Hallwood Avenue is a county road that ends at the edge of the Yuba
River channel. Parking is limited to the side of the road, and
often conflicts with adjacent agricultural interests. Restrictive
signing prohibiting parking and access, barriers, and piles of
agricultural waste further restrict parking and confuse the public
as to their right to access the river.

Boat access to the Yuba River is possible from the Feather River. ll
Two boat ramps located on the Feather River just upstream of the
confluence with the Yuba River provide access to the Yuba River.
Depending on flows, boats can navigate the Yuba River upstream to
Daguerre Point Dam. From Marysville, access is available on foot l
through the River Front Park.

Public recreation and the fisheries resources of the Yuba River
are capable of sustaining additional recreational use. To provide
for such use, access sites for boat launching and takeout should
be developed. One such site could be developed in conjunction
with construction of the proposed new Highway 20 bridge near
Smartville. Three additional sites could provide much of the
launch and takeout necessary to provide adequate access. These
additional sites could be located at Rose Bar, Daguerre Point Dam,
and Hallwood Avenue.

Conclusions

Public access to the Yuba River is limited. Walk in access is
limited and boat launching and takeout facilities do not exist.
Boats must be hand carried to the river over considerable distance
at all current Yuba River access sites. Boat launching facilities
located on the Feather River at Marysville and Yuba City allow
access to the Yuba River between Daguerre Point Dam and the
Feather River only if flows are sufficient.
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The fisheries resources of the Yuba River appear capable of
~~ sustaining additional recreational use.

l Fishing access sites and boat launching and takeout facilities
should be developed in the general areas of Rose Bar, the new

. Highway 20 bridge crossing, Daguerre Point Dam, and Hallwood
Avenue.
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DFG’s management goals for the lower Yuba River are to optimize

chinook salmon, steelhead trout, and American shad habitat

conditions and populations. Fall- and spring-run chinook salmon

are emphasized due to their significant value to sport and I'
commercial fishing interests. However, species needs vary with

life stage and the time of year, and, consequently, specific

species life stages are emphasized during particular periods to
adequately address the over all needs of the anadromous species in l'

the lower Yuba River.

When evaluating instream needs and formulating flow regimes, a I'
variety of factors and competing species life stage needs must be
considered and integrated. Water temperature characteristics, the
relationship between physical habitat availability and streamflow,

water quality, channel stability and spawning gravel, migration 'l
barriers and fish entrainment, riparian vegetation, and effects of

water project operations on flow and temperature are among the

factors which should be considered when developing flow regimes to l'
optimize habitats in the lower Yuba River. The analyses below

consider the lower Yuba River'’s water temperature characteristics,

the relationship between physical habitat availability and

streamflow, and water availability.

INSTREAM FLOW AND MANAGEMENT RECOMMENDATIONS ‘ l

operations of Englebright and New Bullards Bar reservoirs.

Although constructed with an adjustable intake, cperation of the

New Bullards Bar project has not resulted in the water temperature

benefits anticipated. Operation of the enlarged project has had

little effect on downstream river temperatures from mid-December

through early March. However, water temperatures tend to be

increasingly warmer as spring progresses. On-the-other-hand,

water temperatures tend to be cooler from early July through

mid-December than they were before the dam was enlarged. DFG }hf’«‘
N

makes the following temperature recommendations. e’i

Water temperatures in the lower Yuba River are affectedg the : '

Water temperatures during the mid-October tgrough March period
should not egceed the daily average of 56.0 F at Daguerre Point
Dam and 57.0 F at the Marysville gage during normal and wet water
years. These criteria meet preferred temperature requirements of
salmonids using the river during this period. They also comply
with the Basin Plan (5A) requirements for the Sacramento River
between Keswick Dam and Hamilton City (RWQCB 1975), and the Upper
Sacramento River Fisheries and Riparian Advisory Council (1989)

recommendations.

Water temperatures at the Marysville gage during normaloand wet

water years shou&d not exceed the daily average of 60.0°F in April

and May and 65.0°F in June. The May and June temperatures

primarily benefit American shad, and occur at the upper _range of .

preferred steelhead rearing.
L zedd
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To meet the various species life stage needs during July and
August, water temperatureg at Daguerre Point Dam should not exceed
the daily average of 68.0 F. During September, the daily average
shouéd not exceed 65.0°F at the Marysville gage. For steelhead,o
60.0°F is the maximum preferred in the summer period, while 65.0°F
is within the low stress range identified by Rich (1987). The
daily average water temperature at tge Marysville gage during
early October should not exceed 60.0 F. The July and August
temperatures are designed to meet the needs of juvenile steelhead
in the Garcia Gravel Pit and Daguerre Point Dam river reaches,
since the greatest amount of juvenile habitat occurs in these two
reaches. In addition, these temperatures will provide suitable
conditions for adult spring-run chinook salmon holding in the
Narrows Reach. The September-October temperatures will ensure
suitable conditions for migrating adult salmonids.

Daily maximum water temperatures should not exceed tge daily
average temperature recommended above by more than 2°F for more
than 8 h in any 24-h period during any month of the year.

Evaluation of existing temperatures indicate that river
temperatures are often at or above salmon, steelhead, and/or shad
life stage preferred ranges. Operation of Englebright, New
Bullards Bar, and other upstream reservoirs should be evaluated
and operational criteria developed to improve temperature
conditions in the lower Yuba River.

Water temperature modeling on the lower Yuba River indicates that
downstream temperature increases are influenced by air temperature
and the river flow/diversion ratio. The greatest temperature
increases occur during a warm June with an Englebright Dam release
of 245 cfs. The effects of water diversion are most pronounced
with a 500 or 1,000 cfs diversion and 245 cfs passing downstream
of Daguerre Point Dam. Minimum change occurs during a cool
November with a 3,000 cfs release. July through September water
temperatures were not simulated during this investigation.

{

Results of the PHABSIM analyses of the physical habitat WUA/river
discharge relationships indicate that the preferred physical
iiving space requirementg for fall- and spring-run chinook salmon,
steelhead trout, and American shad species life stages are
optimized by the following flow regime:

am
&

River discharge at the

Iime period

October 15-March 31 700
l April 1-30 1,000

May 1-31 2,000

June 1-30 1,500

July 1-October 14 250-450

“.(’MM- '”‘!5(. f»{uvsﬁ"ﬂ’—z };\_J-o a((pw\f g Hearn
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Evaluating these river flows and existing and predicted river
temperatures indicate that favorable water temperatures would
occur during all periods except during the July to mid-October
period when possible high temperatures would adversely affect the
salmon and steelhead populations. Fish growth is rsduced for all
cold-water fishes at tempegatures greater than 68.0F while the
upper lethal limit is 75.0°F for steelhead trout (Bell 1986).

Water temperatures downstream of Daguerre Point Dam during the
July to mid-October period can increase rapidly dependigg upon
diversion rates. Water temperatures not exceeding 65.0°F at
Daguerre Point Dam during July and August, however, should not
increase significantly downstream through the Daguerre Point Dam
reach for maintenance of juvenile steelhead trout if adequate
flows are provided. These adequate flows would also provide a
measure of protection from high water temperatures near

Marysville.

The flow of 450 cfs at the Marysville gage is recommended for the
months of July, August, September, and October 1-14, respectively.
This flow occurs within the range of flows identified as providing
maximum juvenile steelhead trout habitat in run/glide habitat
within the Garcia Gravel Pit and Daguerre Point Dam reaches and
may achieve the recommended temperatures at Marysville better than
flows of a lesser value. However, this flow recommendation is
made in the absence of temperature studies for this summer period
that would allow a definitive assessment of the temperature/flow
relationship. Under this flow recommendation, flows upstream of
Daguerre Point Dam could range up to 1,535 cfs during this period
due to releases to satisfy offstream diversions. Associated with
these flows, physical habitat for young steelhead trout and
American shad may be reduced by an unspecified amount and water
temperatures may be reduced to below optimum in this area. Any
adverse impacts should be reduced by redeveloping juvenile
steelhead physical habitat upstream of Daguerre Point Dam.

In view of the chinook salmon, steelhead trout, and American shad
life stage requirements, the species life stage WUA/discharge
indices, and river water temperatures, DFG recommends the
following minimum flow regime be maintained in the lower Yuba
River during normal and wet water years:

River discharge at the

Iime period Marysville gage (cfs)
October 15-March 31 700
April 1-30 1,000
May 1-31 2,000
June 1-30 1,500
July 1-October 14 450

e

Flows Yo¢ by (vp Yo /,500) 57 OF6 &%:h?Lf depprov
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lower Yuba River.
(599,614 AF) represents only 25.7% of this quantity (Table 23).

Table 23.

with cfs in parenthesis,

IR
s

Analysis of the annual flow at Smartville indicates that the lower
Yuba River’s average annual unimpaired flow equals or exceeds
2,

332,730 AF 46% of the time. Thus, this average annual value is
good indicator of the long-term average water supply in the
The recommended flow regime at Marysville

Estimated Yuba River mean monthly unimpaired flow at
Smartville for the 63-year period 1921-1983, actual flow at

Marysville gage for the 1969-1988 period, and proposed minimum
flow regime at Marysville, California. Flows are in acre-feet

Actual flow
at Marysville

Proposed
minimum flow

Unimpaired flow
at Smartville

Month 1921-1983* 1969-1988+ _at Marysville
Oct 1-14 15,800 (569) 34,739 (1,251) 12,496 (450)
Oct 15-31 19,200 (569) 42,183 (1,251) 23,604 (700)
Nov 96,790 (1,627) 101,159 (1,700) 41,654 (700)
Dec 203,440 (3,309) 175,980 (2,862) 43,042 (700)
Jan 263,490 (4,285) 277,498 (4,513) 43,042 (700)
Feb 287,700 (5,180) 276,357 (4,976) 38,877 (700)
Mar 316,490 (5,147) 261,265 (4,249) 43,042 (700)
Apr 375,460 (6,310) 187,322 (3,148) 59,505 (1,000)
May 426,510 (6,936) 136,259 (2,216) 122,977 (2,000)
Jun 224,570 (3,774) 107,288 (1,803) 89,258 (1,500)
Jul 58,380 (949) 78,705 (1,280) 27,670 (450)
Aug 24,600 (400) 90,450 (1,471) 27,670 (450)
Sep -20.290 (341) _88,603 (1,489) _26,777 (450)
—Total 2,332,730 1,857,808 599,614

Comparing the lower Yuba River’s proposed flows at Marysville with
the river’s annual unimpaired flow (at Smartville) for the 63-year

* Source:
+ Source:

DWR (1987a) (also see Table 4).
USGS, Water Resource Data - California, water

years 1969 through 1988.

period indicates that the total annual flow recommended for

fishery purposes is exceeded about 98% of the years.
the average, there is insufficient water in the Yuba River to meet
fishery needs in only 2 out of every 100 years.

23, Figure 34).

l‘ |

-110-

C—066882

Hence,

on

In addition, comparing the proposed July through mid-October flows
to estimates of mean monthly unimpaired flow at Smartville for the
period 1921-1983 indicates the proposed flow of 450 cfs during
August, September, and October exceeds the estimated mean monthly
unimpaired flow requiring flow augmentation of 10,657 AF (Table
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Figure 34. Proposed minimum fisheries flow regime at Marysville compared with
estimated mean monthly unimpaired flow at Smartville (gage 11419000) for water
years 1921-1983 and actual flow recorded at Marysville (gage 11421000) for
water years 1969-1988, lower Yuba River, California.
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Since flow in the lower Yuba River is impaired by water project
operations and diversions, comparison of the actual and
recommended flows at Marysville provides a more representative
evaluation than one using unimpaired flows. Comparing the
recommended monthly flow regime with the actual average monthly
flow at Marysville indicates that the proposed monthly flows are
exceeded during all months of the year. Thus, flow augmentation
is not needed during any period of the year as long as project
operations remain relatively the same as they are now.

Combining the recommended total annual instream flow requirements
(599,614 AF) and the existing riparian, miscellaneous
appropriative, and active contractual offstream requirements
(265,221 AF) indicates that 864,835 AF are needed each year to
meet fishery instream and various offstream needs. Analysis of
the unimpaired annual flow at Smartville indicates that the total
water needs are exceeded about 94% of the time. In other words,
on the average there is insufficient flow in the lower Yuba River
during only 6 out of every 100 years to meet in- and offstream
needs.

Although not evaluated in these studies, attraction flows may be
. necessary to induce fall-run chinook salmon and steelhead trout
‘ﬁf into the lower Yuba River. Additicnal studies should be

implemented to evaluate attraction flows and results used to
r?fine the above flow recommendations.

W

The above analysis assumes that sufficient water of suitable
temperature is available to meet the recommended flow
requirements. This may not be the case. Insufficient cool water
may be stored in the upstream project to fully meet downstream
temperature and flow requirements. Hence, the availability of
water of suitable temperature needs to be evaluated. Therefore,
DFG recommends that Englebright and New Bullards Bar reservoirs’
water temperature, water availability, and operational procedures
and criteria be modeled and evaluated. Additional temperature
studies of the water temperature/flow relationship below

\ Englebright Dam are needed for the summer months of July through
September since simulations were not conducted during these
investigations. These data should be used to refine the above
recommended flow regime.

. '
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When developing flow recommendations for California streams, it is
customary to develop "dry'" water year criteria. If only the
WUA/discharge indices, offstream needs, and water availability
information are considered, on the surface it would appear that
dry year criteria should be developed for "extremely dry" years.
However, if water temperature and availability of water of
suitable temperature is considered, it becomes more apparent that
dry year criteria are needed. Once the recommended reservoir
water availability and temperature and project operations modeling
~effort are completed, the following dry year criteria should be
reviewed and modified as appropriate.
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For the purpose of this analysis, a dry year is defined as a water
year where the estimated unimpaired annual runoff is less than 50%
of the 50-year average unimpaired runoff of the Yuba River in .
acre-feet at Smartville for the current water year as published
annually in the May 1, Report of Water Conditions in California by
DWR. In the event a dry water year is identified, reductions to
fishery flows recommended by DFG and offstream diversions shall be
made on an equal percentage basis. Such reductions shall be based
on water available to permanent contracts existing on January 1,
1990. Post January 1, 1990 offstream contractual obligations and
diversions shall be reduced to zero before reductions in fishery

flows occur.

Further, in the event a dry yearloccurs, the recommended daily
water temperature defined in this report’s water temperature
section shall not apply.

Short-term daily flow fluctuations and flow reductions can occur
at any time due to natural storm events, maintenance of flood
reservation storage, hydroelectric power generation, and diversion
requirements. Flow fluctuations and reductions can dewater
salmonid redds, cause a net loss of spawning gravels, loss of
juveniles through stranding, and disrupt angler access to fishing
areas and angler catch rate.

the flow that occur on a regular daily basis generally associated
with daily operations of hydroelectric power generation and
deliveries for offstream diversion requirements. To avoid loss of
aquatic productivity and to prevent fish stranding, it is
recommended that daily flow fluctuations should not exceed 10% of
the average flow flow within any 24-h period and weekly flow
fluctuations should not exceed 20% of the average flow within any
7-d period at all times while New Bullards Reservoir and
Englebright Reservoir are under control (i.e. no unregulated
spills are occurring). For example, if the average flow for the
period is 200 cfs, flows should not be less than 180 cfs or

. greater than 220 cfs; flows on a weekly basis should not be less

¢ than 160 cfs or greater than 240 cfs. Flow fluctuations should be
» measured at the USGS gage below Englebright and near Marysville.

Streamflow reductions are defined as planned reductions. Such
reductions are generally associated with, but not limited to, the
specified monthly flow schedule above, reservoir flood reservation
requirements, deliveries to offstream diverters, water transfers

and sales, and downstream salinity intrusion control. During all

such flow reductions to prevent loss due to dewatered salmonid

redds, net loss of spawning gravels, and loss of juveniles throug
stranding, the ramping rate shall be gradual, not exceeding.30% o

the existing initial flow during any 24-hour period and s ject to
stranding studies. '
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To further minimize the impacts to chinook salmon and steelhead
trout spawning from flow reductions during the period October 15
through February, the following interim schedule, subject to any
stranding studies, is recommended to reduce the negative impacts
of dewatered redds, net loss of spawning gravels, and loss of
juveniles to stranding. In the event that during the period
October 15 through February, the 7-d average flow released from
Englebright Dam exceeds 800 cfs (except in the event of flood
control releases) the previously described monthly minimum flow
schedule shall be modified as follows: (1) if the average flow
for the preceding 7-4 period exceeds 800 cfs but is less than
1,000 cfs, the minimum flow should be 800 cfs from the date of
occurrence through February at the Marysville gage, (2) if the

average flow for the preceding 7-d period exceeds 1,000 cfs but is

less than 1,500 cfs, the minimum flow specified should be 1,000

cfs from the date of occurrence through February at the Marysville

gage, and (3) if the average flow for the preceding 7-d period

exceeds 1,500 cfs, then the minimum flow specified should be 1,500

cfs from date of occurrence through February at the Marysville
gage.

’,4!‘
\ For maintenance of American shad angler success, a weekly flow

i

(

reduction not greater than 200 cfs should occur during May 1

through May 31, and not greater than 150 cfs during June 1 through
gune 30, as measured at the Marysville gage.

The information developed during these investigations indicate
that salmon and steelhead fry and juvenile habitat in the lower

Yuba River currently is less than optimum. Channel narrowing and

degradation have acted to reduce available habitat for fry and
juvenile salmonids. Habitat improvement projects should be
implemented and should include construction of shallow ''rearing”
areas and "braided" channels designed to optimize habitat
requirements for fry and juveniles. Stocking of additional
steelhead fry should be considered to increase steelhead
production.
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APPENDIX I

LOWER YUBA RIVER DISCHARGE
FOR 1969 TO 1988
WATER YEARS
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Table 1-1.
Yubs River discharge (cfs) at USGS gage station 11418000, below Englebright Oam, near Smartville.*
Water Month
Year Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug Sep
1969
Meen 343 616 1235 8875 8314 3197 5385 7293 2064 503 477 297
Max 625 670 4300 32400 12200 7580 8540 12500 6220 720 500 410
Min 0 555 565 1060 6700 1650 2660 2180 700 350 425 275
1970
Mean 343 33 1097 14750 4029 3568 981 2524 1259 1035 1740 2056
Hax 380 388 10000 76400 6350 5930 3380 3820 1990 1600 2330 3550
Hin 297 356 353 700 2460 722 726 943 761 694 1290 224
1971
Mean 2372 3202 4131 3809 3294 1795 2038 2223 4548 2945 2850 2422
Max 2670 3770 4920 4570 4080 9210 2920 3670 8800 30 2900 3410
Min 2070 2580 3740 3080 1540 595 6385 1520 3560 1300 2820 1470
w92
Mean 1699 1911 2519 228t 1440 483 696 875 8561 1377 2144 2453
Max 2060 2070 3540 2550 31910 806 899 900 879 1920 2730 2880
Min 1470 1490 1970 1540 580 830 631 854 775 70?7 1890 710
1973
Mean 2752 2908 3041 4363 4222 4115 24627 1140 998 1347 1760 1875
Max 2780 3050 4000 7840 4370 4340 3610 1950 1030 1930 1840 1900
Hin 2720 2760 2410 3340 4050 1630 1940 839 923 926 1280 1830
1974
Mean 2083 4145 4870 7538 3950 6505 7739 3999 4069 2472 2646 416
Max 2350 8820 11100 20900 4170 24000 32100 5610 6060 2740 2770 565
Min 1590 2360 3550 4160 2510 4150 4160 1720 2220 2120 692 324
1975
Mean 559 1653 3663 2588 1969 rigs 3695 1944 3901 2142 2783 2806
Max 639 4180 4110 4130 4230 4200 4190 4180 6030 2840 2820 2830
Min 329 837 3410 1100 1080 1490 1540 1070 1450 1810 2110 2780
1976 <
Hean 2730 2723 2313 974 524 584 437 &36 609 594 497 526
Max 2830 2810 2740 1680 1030 2160 705 8469 701 664 565 706
Min 1380 2500 1680 462 426 357 238 540 545 563 403 222
977
Mean 703 695 558 283 211 199 443 367 501 430 354 202
Max M 707 704 376 245 224 565 519 548 498 413 281
Min 701 685 348 250 148 191 245 319 455 409 302 140
1978
Mean 422 396 603 3384 3816 4622 4609 3695 1279 1806 2844 2839
Max 73 500 1790 9480 4290 7030 5630 4440 2080 2490 2870 2870
Nin 241 313 315 535 2920 3500 4330 1480 842 864 2810 2760
1979
Mean 1288 1039 1057 1763 2073 1181 634 1922 1303 1719 2220 2007
Hax 2860 1070 1080 5470 3750 4160 1150 4280 1810 2220 2270 2320
Min 671 876 1020 1050 1790 604 552 608 1040 1410 2180 674
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Table 1-1, continued (below Englebright Dam).

Water Month
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1980
Mean 2005 1799 2256 6860 7851 4765 4099 2965 2787 3035 3140 3146
Max 2520 1830 3800 28200 21000 7%10 4120 4180 3370 3380 3230 3160
Min 1550 1760 1800 2800 3310 4130 4020 2210 2380 2040 3010 3110
1981
Mean 1683 1134 1374 858 789 1091 684 857 881 858 690 590
Max 3160 11860 1430 1140 1320 3290 1070 893 1050 872 1160 932
Min 590 1130 1140 513 597 604 614 51 851 836 551 480
1982
Mean 636 2621 7364 6172 9155 5446 11950 7so 3849 2968 2856 2621
Max 1640 20900 42400 21900 32500 9070 29800 11200 5420 3200 3160 3760
Min 510 595 2640 4110 4060 4210 4950 5030 2350 2220 2820 676
1083
Mean 1899 2719 3835 3185 5789 11680 513% 7159 9017 4034 2619 2198
Max 2910 3850 9960 5000 10900 30500 9140 11100 11900 7410 2740 2720
Min 1170 1990 2380 2660 4080 5700 4070 4130 5430 2350 2040 686
1984
Hean 2520 3877 9787 5282 3382 2934 2006 1962 2468 2519 3104 2870
Max 2730 13600 31100 17300 4050 4060 2730 3370 3360 3040 3230 3740
Min 2300 2290 3910 3920 1910 2330 1430 1430 2230 2220 2690 1500
1985
Mean 1359 1562 2128 1210 822 &7 915 981 1152 1273 826 514
Max 2320 1880 2640 1780 2890 1800 1470 1020 1470 1720 996 666
Hin 702 1060 1800 546 558 558 686 961 967 968 662 397
1986
Mean 702 672 876 1479 17330 11410 3216 1663 1800 1977 1399 1904
Max 870 754 910 2360 87200 46300 6230 34690 4160 2340 1910 3400
Nin 545 653 17 802 2360 5280 1350 1070 1060 1770 1130 1140
1987
Nean 1130 823 672 827 856 805 679 933 68 796 1518 &93
Max 1940 864 737 1050 2820 2390 1310 1100 1050 1460 1770 B&b
Min 600 765 624 630 575 606 267 810 805 é70 1140 532
1988
Mean 694 663 667 1259 1209 632 627 nv a7 1401 1374 812
Max 815 735 794 1530 1540 664 745 829 1040 1580 1460 1370
Min 554 610 624 1050 611 617 337 620 654 (244 1260 522
U.S. Geological Survey (USGS), Water Resources Data - California,

* Source:

water years 1969 through 1988,
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Table 1-2.
Yuba River discharge (cfs) at USGS gage station 11421000, near Marysville.*
Water Month e
Year Oct Nov Dec Jan feb Mar Apr Hay Jun Jul Aug Sep
1969
Mean 242 492 1350 10890 10930 4266 6091 7432 1680 76 56 83 .
Max 480 736 5570 39900 17200 11000 9520 13000 6100 234 76 118
Min 29 362 460 1060 8590 2330 2870 2010 230 & 45 61
1970
MHean 132 183 1340 17080 5134 4310 712 2020 767 477 1199 1837 l
Hax 93 262 13300 90200 8900 7970 2740 3140 1770 959 1940 3270
nin 5 102 168 602 3390 1000 242 350 294 187 922 166
11741
Nean 2125 2853 4352 4225 3520 2395 2022 1821 45 2458 2429 2197 '
Rax 2370 4010 7690 5420 4320 12800 3100 3160 50 3380 2510 3110
Min 1850 2300 3910 3840 1700 668 873 1180 3170 1310 2360 1410
1972
Nesn 1476 1663 2455 2247 1737 782 498 482 418 893 1643 2196 '
Max 1810 1870 4460 2750 4430 o2 850 521 450 1420 2240 2690
Rin 1230 1250 1770 1700 903 595 271 352 392 270 1390 620
1973 ‘
Mean 2603 2903 2901 5436 5643 4944 2449 716 575 909 1383 1671 '
Max 2680 3310 4083 12500 8280 6330 4310 1480 633 1450 1550 1760
Hin 2520 2530 2290 3100 4610 2650 1480 449 545 478 1020 1550
1976
Mean 1917 4385 5485 8754 4305 8346 a37v 3686 3725 2113 2317 287 '
Max 2260 10000 14000 22800 5150 31400 2300 5120 5650 24600 2430 502
Hin 1490 2090 3440 4660 3100 4750 30 1510 1990 1710 599 197
1975 '
Mean 315 1418 3529 2655 2915 3870 952 1576 3377 1729 2380 2664
Max 422 4020 4130 4660 8430 9490 5110 3510 5280 2340 2510 2740
Hin 200 408 3220 1350 1610 1780 1720 810 1180 1420 1850 2530 l
1976
Mean 2731 2568 2004 847 557 612 266 211 201 132 136 303
Max 2910 2860 2470 1350 802 2110 344 391 223 181 m 629
Min 1500 2260 1370 488 13¢5 286 190 156 164 115 115 107 l
19rr
Nean 527 &76 371 230 211 188 173 166 155 88 72 86
Max 656 509 502 394 263 228 200 206 183 153 87 1M
Min 356 359 170 146 168 163 150 13 121 62 62 67 .
1978
Nean 259 271 631 4080 4165 5232 4996 3211 861 1260 2230 2488
Max 294 356 1880 10800 5550 8830 7500 4580 1610 1780 2340 2570
Nin 84 2463 37 Séb 2980 3820 4510 1330 404 407 2180 2320 '
1979
Meen 1125 850 922 1882 2705 1992 734 1502 815 1198 1725 1768
Max 2540 1190 1010 5730 5140 8940 1220 3570 1410 1650 1830 2080
Hin 452 7 830 905 1820 ars 425 310 526 909 1650 - 584 '
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Table 1-2, continued (near Marysvilte),
Water Month
Year Oct Nov Dec Jan Feb Mar Apr May Jun dul Aug Sep
1980
Mean 1909 1686 2224 7796 9508 5559 4076 2736 2462 2638 2530 2900
Max 2420 1780 5230 33400 27500 8550 4530 3850 3020 2970 2660 3270
Nin 1480 1610 1600 2660 3700 4480 3650 1970 2070 1800 2310 2650
1981
Mean 1557 953 1293 1040 925 1435 617 354 355 318 253 422
l Max 3080 981 1360 2790 1560 4070 1280 420 513 348 803 893
Min 405 930 933 H . ™ 713 289 238 269 265 165 269
1982
Mesn 485 2889 8336 7516 10900 7290 14280 7234 3483 2642 25624 2629
l Max 1560 22100 53900 24200 43800 16600 35500 10400 5000 2970 2860 3760
Min 369 382 2770 4750 4500 5370 6190 4770 2210 2050 2530 714
1983
Mean 1874 2720 4382 4159 7671 15100 6098 7276 84633 3735 24625 2209
' Max 3240 5650 13900 10400 17500 38000 10600 10500 11400 7020 2510 2920
Min 1020 1820 2980 2850 4700 7410 4530 4850 4950 2140 1770 535
1984
Mean 2575 4475 11430 5997 4163 3504 2073 1582 2106 2124 2829 2852
Max 2950 15400 36400 21600 5880 5740 3060 3040 3020 2750 3090 3600
Min 2170 2270 4210 4230 2350 2730 1030 989 1810 1850 2310 1750
— 1985
Mean 1248 1601 2145 1262 1178 960 778 559 663 763 392 340
= Max 2360 2420 2630 1880 6340 2140 1670 712 949 1320 555 507
_ Min 37 899 1740 630 631 620 an 460 496 480 212 262
- 1986
- I Mean 485 520 .18 1857 20970 12480 3405 1110 1087 1191 833 1593
) o Hax 867 1350 1210 3400 101000 43000 6770 2710 3300 1460 1200 3130
_ Hin 326 364 705 1000 3500 6010 953 585 307 1050 558 752
- 1987
. Mean 982 597 516 810 1108 1086 438 3867 335 176 1060 518
_ Max 1840 650 601 1030 3360 2710 654 416 391 785 1170 666
Min 330 523 452 628 682 690 320 320 87 &7 1010 390
1988
l Mean 461 497 684 1695 12n 626 424 308 309 682 894 641
Max 596 576 926 1910 1570 856 1110 351 354 829 1070 1130
Min 412 428 593 936 675 448 300 272 267 267 79 391
l * Source: U.S. Geoiogical Survey (USGS), Water Resources Data - California,
water years 1969 through 1988.
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APPENDIX II

TABLES CORRESPONDING TO WUA FIGURES
IN TEXT FOR
CHINOOK SALMON
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Chinocok salmon fry, juvenile, and spawning total
weighted usable area (x 1,000 sq ft) by discharge

Table II-1.

for the Yuba River study area (Figure 22).

Discharge Fry Juvenile Spawning
100 6119.01 8144.32 1468.01
150 5691.41 8654.69 2405,.07
200 5048.92 8651.37 3358.50
250 4439.91 8445.81 4138.33
300 3966.88 8228.76 4799.81
350 3495.10 7946.99 5314.69
400 3134.27 7513.10 5684.37
450 2892.17 6979.46 5889.18
500 2623.78 6577.25 5985.01
600 2164.46 5564.47 6067.15
700 1801.38 4627.56 5979.49
800 1546.31 3949.60 5765.47
900 1384.86 3473.64 5400.60

1000 1277.66 3106.53 5010.50
1250 1126.87 2599.56 4058.54
1500 993.98 2211.39 3094.06
1750 926.80 2009.35 2344.99
2000 870.66 1864.27 1780.38
2500 735.77 1654.39 1281.31
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Daguerre

Garcia

Simpson Lane Totad
Discharge Bridge Point Dam Gravel Pit Narrows River
100 679.35 2962.28 2441.54 35.84 6119.01
150 654.39 2800.60 2193.53 42.89 5691.41
200 582.07 2496.36 1922.96 47.53 5048.92
250 494.84 2181.13 1711.34 52.60 4439.91
300 434.68 1947.26 1528.30 56.65 3966.88
350 378.23 1721.53 1344.41 50.92 3495.10
400 331.94 1504.38 1252.36 45.59 3134.27
450 289.22 1333.86 1228.39 40.70 2892.17
500 265.38 1181.17 1139.86 37.37 2623.78
600 230.42 910.42 990.85 32.77 2164.46
700 212.63 720.02 841.03 27.70 1801.38
800 196.88 613.90 709.46 26.07 1546.31
900 183.03 1 561.22 612.94 27.67 1384.86
1000 167.87 538.39 541.38 30.02 1277.66
1250 152.39 445.48 495.70 33.30 1126.87
1500 136.00 371.34 450.15 36.48 993.98
1750 122.94 352.62 411.92 39.33 926.80
2000 114.13 328.20 386.55 41.79 870.66
2500 95.99 265.11 332.04 42.63 735.77
Table II-2b.
Chinook salmon fry total weighted usable area
(x 1,000 sq ft) by discharge for the Yuba River
study area and by habitat type (Figure 23).
Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River
100 632.71 2577.74 1903.54 1005.02 6119.01
150 567.76 2291.27 1876.91 955.48 5691.41
200 482.83 1939.60 1766.05 860.45 5048.92
250 411.43 1658.67 1592.71 777.10 4439.91
300 360.23 1492.41 1390.89 723.36 3966.88
350 311.86 1292.10 1237.80 653.34 3495.10
400 269.23 1180.67 1096.30 588.07 3134.27
450 238.65 1134.43 976.27 542.82 2892.17
500 214.79 1029.75 868.62 510.62 2623.78
600 184.18 855.52 647.45 477.31 2164.46
700 158.83 720.43 480.01 442.12 1801.38
800 130.78 607.31 393.74 414.48 1546. 31
900 109.04 534.46 342.73 398.62 1384.86
1000 103.25 475.40 311.97 387.03 1277.66
1250 114.99 420.39 239.38 352.10 1126.87
1500 118.78 355.98 196.20 323.02 993.98
1750 114.15 332.79 185.53 294.33 926.80
2000 103.36 331.21 171.98 264.12 870.66
2500 81.71 297.21 152.58 204.28 735.77
-131-

C—066903

- “‘I
£

i
1
]
1
I
i
1
i
1
]
1
]
i
i
1
1
i

C-066903



Table II-3a.

Chinook salmon juvenile total weighted usable area
(x 1,000 sq ft) by discharge for the Yuba River
study area and by study reach (Figure 24).

Simpson Lane Daguerre Garcia Total
Discharge Bridge Point Dam Gravel Pit Narrows River
100 370.61 3411.39 4353.44 8.88 8144.32
150 440.46 3706.58 4498.30 9.36 8654.69
200 457.20 3745.10 4439.22 9.85 8651.37
250 447 .54 3651.67 4336.25 10.35 8445.81
300 418.92 3426.06 4372.95 10.83 8228.76
350 386.73 3156.53 4394.45 9.28 7946.99
400 355.17 2907.60 4242.74 7.60 7513.10
450 327.56 2682.54 3962.78 6.57 6979.46
500 302.69 2490.80 3777.48 6.27 6577.25
600 248.49 2153.86 3156.13 5.99 5564.47
700 196.63 1814.06 2610.78 6.10 4627.56
800 158.90 1550.69 2233.87 6.13 3949.60
900 136.35 1340.16 1990.60 6.53 3473.64
1000 122.87 1183.70 1792.90 7.07 3106.53
1250 102.66 1008.76 1480.03 8.11 2599.56
1500 91.73 915.62 1194.18 9.86 2211.39
1750 79.50 868.29 1050.16 11.40 2009.35
2000 81.46 818.37 951.08 13.37 1864.27
2500 83.46 693.96 862.20 14.77 1654.39
Table II-3b.
Chinook salmon juvenile total weighted usable area
(x 1,000 sq £ft) by discharge for the Yuba River
study area and by habitat type (Figure 24).
Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River
100 1779.77 4566.25 1456.75 341.55 8144.32
150 1698.95 4929.79 1638.27 387.67 8654.69
200 1523.32 4946.68 1778.78 402.60 8651.37
250 1329.99 4789.79 1908.08 417.95 8445.81
300 1204.05 4674.54 1924.65 425.51 8228.76
350 1074.52 4639.01 1813.31 420.15 7946.99
400 960.11 4451.56 1685.98 415.46 7513.10
450 866.08 4137.55 1558.62 417.21 6979.46
500 778.79 3936.19 1438.46 423.81 6577.25
600 676.87 3229.10 1235.85 422.65 5564.47
700 584.70 2590.97 1031.39 420.49 4627.56
800 524.82 2145.26 866.86 412.67 3949.60
900 470.11 1861.64 733.65 408.25 3473.64
1000 435.12 1646.54 620.82 404.05 3106.53
1250 448.63 1274.58 463.11 413.24 2599.56
1500 392.59 1033.13 386.66 399.01 2211.39
1750 369.50 871.45 352.95 415.45 2009.35
2000 362.32 795.82 319.23 386.89 1864.27
2500 336.76 757.04 240.92 319.67 1654.39
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(x 1,000 sg ft) by discharge :>r the Yuba River

study area and by study reach (Figure 25).

Simpson Lane Daguerre Garcia Total
Discharge Bridge Point Dam Gravel Pit Narrows River
100 29.26 476.11 962.63 0.00 1468.01
150 43.59 882.13 1479.35 0.00 2405.07
200 59.84 1339.70 1958.95 0.00 3358.50
250 78.62 1740.51 2319.20 0.00 4138.33
300 99.30 2107.38 2593.13 0.00 4799.81
350 118.51 2385.06 2811.12 0.00 5314.69
400 132.88 2532.43 3019.06 0.00 5684.37
450 144.64 2584.02 3160.51 0.00 5889.18
500 153.99 2575.97 3255.06 0.00 5985.01
600 168.14 2504.96 3394.05 0.00 6067.15
700 176.34 2353.40 3449.75 0.00 5979.49
800 171.43 2186.72 3407.31 0.00 5765.47
900 157.69 1996.61 3246.30 0.00 5400.60
1000 139.05 1806.48 3064.96 0.00 5010.50
1250 88.79 1372.37 2597.38 0.00 4058.54
1500 55.26 1061.39 1977.42 0.00 3094.06
1750 35.49 863.27 1446.23 0.00 2344.99
2000 21.39 777.26 981.73 0.00 1780.38
2500 9.06 643.93 628.32 0.00 1281.31
Table II-4b.
Chinook salmon spawning total weighted usable area
(x 1,000 sq ft) by discharge for the Yuba River
study area and by habitat type (Figure 25).
Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River
100 463.76 831.67 123.70 48.88 1468.01
150 811.26 1377.92 168.20 47.68 2405.07
200 1130.08 1949.97 229.17 49.32 3358.50
250 1368.69 2415.82 301.39 52.43 4138.33
300 1534.20 2834.20 373.35 58.06 4799.81
350 1630.31 3171.53 448.86 63.99 5314.69
400 1695.63 3396.73 520.78 71.24 5684.37
450 1687.93 3549.50 575.15 76.60 5889.18
500 1601.29 3690.00 611.72 82.01 5985.01
600 1419.61 3%03.17 657.73 86.64 6067.15
700 1198.55 3993.55 696.91 90.49 5979.49
800 1047.81 3886.60 736.39 94.68 5765.47
900 928.60 3631.37 741.96 98.67 5400.60
1000 837.98 3357.45 710.85 104.21 5010.50
1250 - 665.67 2703.10 578.72 111.08 4058.54
1500 535.69 2013.44 426.18 118.75 3094.06
1750 460.57 1416.69 341.63 126.11 2344.99
2000 394.78 951.75 292.79 141.06 1780.38
2500 300.97 593.47 223.03 163.83 1281.31
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)
Table IIX-5.
Transect unwelghted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach weighted usable area (sq ft x
1,000) for chinook salmon fry in the lower Yuba River.
SIMPSON LANE STUDY REACH _
TRANSECT 1 2 3 4 5 6 7 8 9 TOTALS
HABITAT TYPE LGR a ) sp sP oP DP DpP OP LGR RG SP DP REACH
DISTANCE (n) 400 1050 1050 1400 1400 3300 3300 3300 3300 - 400 2100 2000 13200 18500
Dischargs (cls) Unweighled Results of PHABSIM (sq 171000 t) “* Welghted Usable Area (sq 1) In thousands
50 2025 104521 139323 117888 47746 0684 7313 3937 22606 i. .  1.17 25604 231.89 14368 632.77
100 15246 122017 149105 100393 38008 12278 9855 6124 30495 .,  6.10 28477 18460 19388 679.35
150 20699 116954 145787 69428 20560 12863 12241 7735 27764 ¥ 11.88 27588 16658 200.05  654.39
200 36750 102502 132335 74471 22268 14009 11063 7055 24042 - 1470 24658 13543 18538  582.07
250 37713 81053 114814 62280 17801 14548 10892 ~ 5022 18591 i : 15.09 205.76 11211 161.89 494.84
300 56163 65388 97515 60638 16331 14400 10845 4483 17372 5 14.47 17103 93.76 15543 434.68
w 350 31887 53934 80525 42562 14827 13396 10995 3992 15239 {_,;‘,] 1275 14118 80.34 14395 378.23
= 400 28007 43632 65605 36600 11473 13307 11270 3326 13949 :i:  11.52 11500  67.30 13811  331.94
450 25057 35380 63179 27931 10662 13060 11419 2312 13245 01 1002 9299 5403 13218 289.22
500 22418 26711 42706 22478 10336 12804 11057 3961 13234 . 8.97 74989 4594 13548 265.98
600 10698 20175 28228 17246 9391 11313 10477 5078 13987 748 5082 37.20 13462 230.42
700 15058 14540 22425 14641 8994 11464 10358 6969 12921 * 630 3881  33.09 13435 21263
600 12658 11204 18507 12099 8478 11485 10228 5924 12269 ;- 506 31.29 2881 13172  196.68
800 8861 8699 14440 10770 6156 11333 10125 5678 11662 ©i. 354 2430 2650 12670 183.03
1000 6083 6578 11493 9700 BO60 10980 6258 6016 11597 [ . 243  18.97 24.86 121.61 167.87
1250 2706 2863 6263 8009 7128 10147 9168 6157 11053 [  1.08 858 2119 12053 152.39
1500 210 1201 3700 6056 5078  B738  B490 6142 10205 i 0.87 516 1559 11439  136.00
1750 214 1443 2678 6256 6083 7602 0368 G704 8464 L 108 433 1448 10309 12294
2000 2061 1933 2307 4563 6291 7398 8937 5034 7328 .0  1.18 445 1380 9470 11413
2500 3571 1669 2177 3910 5560 6058 8021 3482 6852 : 143 404 1326 7726  95.99
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and total habi
1,000) for chinook salmon juveniles

Table II-6.
Transect unweighted usable area (sq ft/1000 lineal ft of stream)

at type and reach weighted usable area (sq ft x

n the lower Yuba River.

SIMPSON LANE STUDY REACH
TRANSECT 1 2 3 4 5 8 7 8 9 TOTALS

HABITAT TYPE LGR 11, 2] sp sp oP oP DP bP LGR R/G SP DP REACH
DISTANCE (ft) 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2600 13200 18500
Discharge (cis) Unweighted Results of PHABSIM (sq It/1000 It) ; Welghted Usable Area (sq h) In thousands
50 2118 082942 63710 26808 8498 2092 1633 834 4905 - 11.65 153,98 49.43 J1.57 246.62

100 73737 137483 106560 28629 7606 2407 1908 1102 4849 2949 258.24 50.73 4.14  370.61

150 115818 165463 129638 28116 6779 2763 2250 1163 4559 . - 46.33 309.88 48.85 35.42 440.46

200 141342 162081 139709 27400 5930 3217 2474 855 4257 5l’.~ 58.54 0317.82 46.66 36.18  457.20
250 145454 156052 134738 27861 5643 3469 2685 855 4242 ;. 58.18  305.33 46.90 37.13 44754

L 300 139073 143628 124027 26908 §305 3444 2935 788 3998 . 6595 281.03 45.10 36.64 418.92
:; 350 127448 1304780 114448 24610 5198 517 3248 743 3658 ‘ §0.98 257.17 41.73 36.85 386.73
' 400 115991 118325 105139 20935 4770 3673 3626 768 3474 . 4840 234.64 35.99 38.15  355.17
450 105024 107534 06865 17958 4252 3619 3829 876 3550 ; © 4201 214.62 31.09 39.54 327.56

500 95094 08134 88356 15969 3817 4057 3744 882 3683 ° . 38.04 19582 27.70 4114 302€9
600 73780 75484 70393 12179 2965 4471 41 1594 4313 | 1 2951 15347 21.20 44.61 248.49

700 56243 53030 52071 10091 2529 4609 3070 1667 426 2250 110.38 17.67 46.11  196.63

800 42007 36725 37500 8378 2442 4960 3440 1818 4635 - |  16.80 77.94 15.15 49.02 158.90

900 31085 - 27063 27633 7903 2449 5004 3939 2005 4806 12.43 57.43 14.49 51.99 136.35
1000 23818 21409 21043 7872 2445 5263 4122 2126 4950 9.53 44.57 14.44 54.32 12287
1250 13458 11746 10865 7403 3308 5213 4265 2707 5555 5.8 23.74 14.99 58.54 102.66
1500 7847 7807 7058 6223 3204 4582 4554 2191 6190 .14 15.61 13.20 59.79 91.73
1750 6023 §387 5044 4668 2501 4316 5032 2585 5066 241 10.95 10.04 56.10 79.50
2000 5436 4915 36830 4143 2461 5372 6111 2626 4332 2.17 9.18 9.25 60.85 81.46
2500 6209 4111 2748 3820 2859 5961 1347 2053 4271 2.12 1.20 9.35 64.79 83.46
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Table II-7.

Transect unweighted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach weighted usable area Isq ft x
1,000) for chinook salmon spawning in the lower Yuba River.

i

)--'_

SIMPSON LANE STUDY REACH

TRANSECT 1 2 3 4 5 6 7 8 9 TOTALS
HABITAT TYPE LGR G ARG sp sp DP DP - DP oP LGR G sp DP REACH
DISTANCE (f) 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500
Discharge (cls) Unwelghied Results of PHABSIM (sq /1000 ) Welghted Usable Area (sq 1) In thousands
50 2650 4137 6181 3899 723 1 0 0 0 146 1083 647 000 18.77
100 15008 6852 9428 3807 589 4 0 0 0 i° 600 1709 615 001  29.26
150 34049 10622 12338 3689 482 6 () 0 0 . 1362 2411 6584 002 4359
200 54151 15884 16028 3662 405 9 0 0 0 21.66 3246 569 003 5984
250 75258 22257 18033 4030 ass 22 () 0 0. 3010 4230 614 007 78.62
, 300 96383 30676 21351 3970 315 37 0 0 0 . 355 5463 600 012 9930
o 350 113680 38850 25399 3577 260 51 0 0 O ... 4547 6747 640 047 11851
O 400 126465 43794 29906 3120 258 54 (1 0 0~ 5059 7738 473 018 13288
450 135709 47390 34478 2763 231 54 () 0 0 G428 8596 422 018 144.64
500 141767 50163 38558 2600 211 55 0 0 0 6671 9316 394 018 153.99
600 144521 53172 48417 2303 175 58 0 0 0. 5781 10667 347  0.19 168.14
700 141635 54517 56105 2197 175 64 0 0 0°.i 5665 11615 332 021 176.34
800 134638 53474 552711 2101 163 68 0 0 0 6385 11418 317 023 171.43
900 121634 50011 50758 1971 161 75 0 0 0. 4865 10580 298 025 157.69
1000 105175 45853 43537 1867 172 81 0 0 0 4207 9366 285 027 139.05
1250 61699 31325 27522 1333 173 75 0 0 0 2484 6179 211 025 88.79
1500 35567 21168 17051 244 178 95 0 0 0. 1423 4013 059 031 5526
1750 21616 13953 10664 248 195 14 0 0 0 865 2585 062 038 3549
2000 11845 8934 5837 254 257 130 0 0 0 474 1551 072 043 21.39
2500 2832 4648 1764 239 227 157 0 0 0 143 675 065 052  9.06
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Transect unweighted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach weighted usable area (sq ft x
1,000) for chinook salmon fry in the lower Yuba River.

DAGUERRE POINT DAM STUDY REACH

TRANSECT 1 2 3 4 5 - 6 7 TOTALS
HABITATTYPE  LGR LGRA G RG sp Sp DP LGR RG SpP DP  REACH
DISTANCE (f) 3088 3088 8538 8538 46808 4608 8775 6175 17075 9375 8775 41400
Discharge (cls) Unweighted Resuits of PHABSIM (sq (/1000 ft) Welghted Usable Area (sq ) in thousands
50 63859 46497 59222 120448 57364 73566 39334 ' - 340.78 1534.02  612.89  45.15 2833.84
100 77382 34805 69190 110234  B2240 90428 31276, 4643 153192  B809.47  274.45 2962.28
150 70593 34022 58819 02492  BBO48 100203 28228 32305 130043 92940  247.71  2800.60
200 63378 30180 45613 71216 104471 107363 24716 . 266.91 99749 99308  216.88 2496.36
250 56838 23204 36601 49000 100454 109996 22533 247.17 749.64 986.59 197.73  2181.13
300 50996 18998 31612 40218 92618 105092 21657 . . 21613  613.28 92780  190.04 1947.26
350 47355 15512 24994 33160 85686 97211 19768 -  194.13 49652 85742 17348 172153
400 42788 13416 19721 28375 77659 87072 16857 :: 17356 41064 77226  147.92 1504.38
450 30619 11373 15307 25208 70420 77455 15610 15746 34647  693.24 13698 1333.86
500 36032 10129 11671 21891 64064 68019 15142 ° 14254 28655 61920 13287 1181.17
600 30340 8194 8167 15033 47751 49074 15889~ 118.89  198.08  453.92  139.42  010.42
700 24780 6561 6455 12581 37755 31982 15238 - 96.64 162.563 32692 13372  720.02
800 20504 5310 4555 11008 32143 26175 14489 - 79.71 133.64 27339  127.14  613.90
900 17332 3837 3922 10880 28081 22951 14841 65.37 126.38 23924  130.23  561.22
1000 16362 27123 4118 10709 26232 20459 15619 - 55.84 12659 21889  137.06  536.39
1250 11170 1647 4640 8960 19197 13945 14345 39.58 12468 15537  125.88 44548
1500 7873 1490 5370 8660 16081 10571 11133/ 28.91 1979 12494 97.70  371.34
1750 6110 1350 7724 7015 14654 10276 9899 23.03 125.85 116.87 86.87  352.62
2000 4792 694 8608 7484 12930 9552 7603 16.94 137.39 105.39 66.47  328.20
2500 3600 1040 8969 4952 8792 9616 5200 14.33 118.85 86.29 4563  265.11
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Table II-9.

Transect unweighted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach weighted usable area (sq ft x
1,000) for chinook salmon juveniles in the lower Yuba River.

DAGUERRE POINT DAM STUDY REACH

TRANSECT 1 2 3 4 5 6 7 TOTALS

HABITAT TYPE LGR LGR AG (37]¢] sP sP opP LGR RG sp DP  REACH
DISTANCE (t) 3088 3088 8538 8538 4688 4688 8775 6175 17075 9375 8775 41400

Discharge (cis) Unweighted Results ol PHABSIM (sq /1000 1) Welghted Usable Area (sq ) in thousands
50 95019 78721 82151 84238 17550 24513 8038 536.51  1420.61 197.19 7053 222464
100 146403 103079 129517 129820 33474 41159 8754 - 77040 2214.29 349.88 76.82 341139
150 142685 100659 140314 135657 48887 62067 8974 - 75145  2356.24 520.15 78.74  3706.58
200 134686 100116 132531 130012 66709 92218 0148 . 72507  2241.59 698.17 80.28  3745.10
250 120094  BB41B 117668 120719 B6068 100877 10628 - 646.66 2035.04 876.39 93.26  3651.67
300 109961 76997 103334 1057523 94025 110956 11108 577.33 1790.20 960.95 87.47 3426.06
350 101070 65413 93179 93080 94569 109170 11054 .. 514.12  1590.28 955.13 87.00 3156.53
400 91854 68447 84146 81093 94883 104979 10908 °  464.13  1410.81 936.95 95.70  2807.60
450 85899 54859 73573 70502 95443 100795 11145 . 434.66  1230.11 919.96 97.80 2682.54
500 78937 50738 65530 62761 93413 96939 11697 . 400.44  1095.35 892.37 102.65 2490.80
600 68375 41371 52819 48708 88653 88172 13581 338.69 866.64 828.86 119.17 215388
700 58768 32099 40063 40683 76745 75764 14429 ° . 28307 669.42 714.96 126.62 1814.08
800 51034 26388 30643 3683t 67545 61003 14862 . 241.55 576.10 602.63 130.4t  1550.69
900 45069 21535 24264 4173 59637 48216 14607 . 205.67 498.94 505.61 129.93  1340.16
1000 38971 17638 19816 33627 53217 35767 1544 174.81 456.30 417.15 13544  1183.70
1250 29136 11696 17164 31748 44323 19075 19109 - @ 126.09 417.78 297.24 167.68  1008.76
1500 21468 7952 176854 32182 38048 13512 17753 .. 90.91 421.21 2.1 155.78 915.62
1750 15941 6119 18212 29872 35193 12218 19073 © 68.12 410.564 222.26 167.96 868.29
2000 11969 4127 21148 26602 31463 12037 17896 48.70 407.70 203.93 157.04 818.37

2500 7203 2952 21892 26700 20728 9224 12229 - ) R 414.68 140.41 107.31 691.96
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Table

I1-10.

Transect unweighted usable area (sq ft/1000 lineal ft of stream)

and total habitat type and reach weighted usable area {sq ft x
1,000) for chinook salmon spawning in the lower Yuba River.
DAGUERRE POINT DAM STUDY REACH
TRANSECT 1 2 3 4 5 6 7 TOTALS
HABITAT TYPE LGAR LGR RG RG sp Sp oP LGR R/G Sp DP  REACH
DISTANCE (n) 3088 3088 8538 8538 4688 4688 8775 6175 17075 9375 8775 41400
Discharge (cis) Unweighted Resulls of PHABSIM (sq 1t/1000 h) Weighted Usable Area (sq #t) In thousands
50 3223 5897 4328 10695 4987 3973 2993 20.16  128.27 42.01 26.26  224.70
100 16895 27324 13195 18071 5160 4789 2960 136.55  266.95 46.64 2597  476.11
150 47990 60948 27825 27083 5849 5810 2538 33640  468.81 54.66 2227 88213
200 84417 78138 45493 42124 7538 7173 23590 . 501.97  748.07 68.96 2070  1339.70
250 109067 91711 59118 60066 9262 8464 2248 620.00 1017.59 83.20 19.72  1740.61
300 126042 103637 67029 83027 10795 9623 2313 709.25 1281.18 86.66 20.29 2107.38
350 133037 114025 72786 101933 11927 11315 2442 76293 149175 108.96 2142 2385.06
400 138023 124239 77716 106974 13004 13108 2652 609.86  1576.68 122.41 23.27 253243
450 137293 131500 80853 105181 14777 15475 27113 83003  1588.36 141.82 2381  2584.02
500 129203 131145 83907 101659 16874 18042 2702 804.20  1564.37 163.69 2371 2575.97
600 119216 118223 87265 83077 22124 22528 2583 73321 1539.76  209.33 22.66 2504.96
700 102148 97446  B4914 84697 29989 26702 2638 616.35 1448.14  265.77 23.15 235340
800 94162 81097 73495 77704 38093 31982 2971 541.20 1290.94  328.51 26.07 2186.72
900 83925 72423 61898 69695 41410 35825 3213 48280 112354  362.08 28.19  1996.61
" 1000 76552 63845 53637 61565 41522 34396 3811 43355 98360 35590 33.44  1806.48
1250 64099 48816 39187 41060 36362 26671 4614 348.68  687.71 295.50 4049 137237
1500 534906 35501 26777 31984 32267 18502 5340 27482 501.70  238.00 46.86  1061.39
1750 45477 24626 17313 28653 30149 12671 6108 21648 39248  200.74 5359  863.27
2000 41182 15339 14829 27219 28946 8898 7555 17454  359.01 177.41 €6.30  777.26
2500 31259 6594 9748 26099 25568 4112 9315 116.89  306.06 139.23 81.74  643.93
Revised 11/1,
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Table II-11.
Transect unweighted usable area (sq ft/1000 lineal ft of stream)

and total habitat type and reach weighted usable area (sq ft x
1,000) for chinook salmon fry in the lower Yuba River.

GARCIA GRAVEL PIT STUDY REACH

TRANSECT 1 2 3 4 5 6 7 8 9 TOTALS
HABITAT TYPE LGR G G Sp SP DP DP bpP LGR ~ LGR rRQ SP DP  REACH
DISTANCE () 6813 13413 13413 3700 3700 2850 2850 2850 6813 13625 26825 7400 8550 56400
Discharge (cls) Unweighled Resulls of PHABSIM (sq /1000 1) L Waighted Usable Area (sq N) in thousands
50
100 19119 5241 61498 118255 124844 82914 43351 49472 260.18 761.05 899.47 500.65 2441.54
150 1m 6120 47174 105019 106041 75539 46518 41040 232.82 714.96 780.92 464.83 2193.53

8671 8323 43532 B3547 88760 63919 46089 34089
6080 9347 43085 62720 70798 54750 44872 - 28409
5034 12408 40385 41572 58246 46720 42792 23194
3104 15274 33515 4051 47040 41014 39583 19404
1759 20519 28017 31016 38374 35130 37124 17725
1499 26709 25126 27693 34199 30208 35091 16443

200 178.22 695.53 637.54 410.68  1922.96
250

300

350

400

450 .

500 1375 27884 21934 24530 30463 25096 32140 14656
600

700

800

800

000

149.17 703.27 484.01 364.89 171134
129.63 708.10 369.33 321,24 1526.00
104.98 654.39 300.04 285.01  1344.41
64.15 655.03 256.74 256.44  1252.36
nag 695.27 229.00 23296 1228.39
63.28 668.21 203.47 20489  1139.86
57.7 606.61 156.24 170.29 990.85
55.60 519.08 120.00 146.35 841.03
46.00 442.37 91.54 129.55 709.46
40.13 383.79 76.99 112.02 612.94
44.98 329.84 68.22 98.34 541.38

=ovti-

15686 28208 16028 18685 23542 20344 28227 11181
1865 25909 12791 13578 168854 18593 23661 9097
1488 23153 80628 9167 15574 17705 19647 7903
1255 20276 8337 7972 12837 15567 18024 5716
1160 17284 7307 7735 10701 14038 15453 6016

1250 1422° 16201 5053 8698 628t 12123 10321 2957 74.34 286.15 62.82 72.39 495.70
1500 858 14127 3099 7888 7057 11733 9955 4435 80.99 231.04 55.66 74.45 450.15
1750 450 11461 3624 9235 5410 12002 8617 2205 80.07 202.61 54.18 65.05 411.92
2000 798 10695 3423 8591 4677 12284 6856 1617 85.23 189.38 52.79 59.16 386.55
2500 1634 10132 2864 8952 4379 7834 4664 1098 65.95 174.32 53.03 38.75 332.04

Revised 11/1/89
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Table II-12.

Transect unweighted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach welghted usable area (sq ft x
1,000) for chinook salmon juveniles In the lower Yuba River.

GARCIA GRAVEL PIT STUDY REACH
TRANSECT 1 2 3 4 5 L) 7 8 TOTALS
HABITAT TYPE LGRA G e sP sp DP DP op LGR AQ sP DP  REACH
DISTANCE (i) 6813 13413 13413 3700 3700 2850 2850 2050 13626 26825 7400 8550 56400
Discharge (cls) Unwelghted Results of PHABSIM (sq 171000 it) Waelghted Usable Area (sq 1t) In thousands
50 . )
100 66903 31020 124317 153252 132193 33761 14720 29311 879.87 2095.71  1056.14 221,71 435344
150 §9507 36507 132262 153941 135050 41185 18890 32607 801.18 226370 1069.27 264.14  4498.3(
200 46104 40405 137577 147740 -131706 42940 22661 31343 741.72  2387.26  1033.95 276.29  4439.2:
250 35259 48653 133940 138708 127449 38702 26764 31718 625.15 2448.12 884.78 277.20  4336.2¢
, 00 29845 60856 133225 128200 120073 36967 31177 30230 §70.78  2603.20 918.61 280.38 43728
;: 350 25342 77681 130443 111652 109012 34918 33337 20945 509.42 2791.56 816.46 217.02  43%4.4!
-'-' 400 19663 90560 118649 95983 86730 34229 341868 27728 449.58 2606.11 713.04 274.01  4242.7:
450 15691 97165 103596 82972 81235 32968 34271 20548 309.41  2692.82 607.57 27289 39%62.7
500 13130 106841 90358 71391 68712 31993 34658 29402 34032  2645.02 518.38 213.15  amma
600 12494 96091 68607 52844 61398 29600 33783 25346 -306.46  2209.09 385.70 25268  3156.1
700 12082 79105 54437 39253 41494 29024 33567 22187 27914  1791.20 298.76 241.67 26107
800 11749 67054 44123 30490 36828 28314 31262 20090 21363;£.; 26647  1491.22 249.08 22110 2208
900 8505 59131 38183 25389 32326 27301 30031 19786 27483 [' ¢  252.00  1305.27 213.55 219.79 19306
1000 9228 52419 32995 22150 27989 25467 30315 16929 27582 E : 1 250.79 1145.67 189.22 207.23 17929
1250 10195 38679 23429 19447 21340 24443 24633 13696 36357 .- . 317.16 832.05 150.91 178.91 1480.¢
1500 7865 27964 16046 18599 17008 24422 23115 13370 35954 298.54 590.31 131.75 17358 1184 ;
1750 5767 20078 13468 17691 14916 26054 23619 13691 38095 : :  298.97 449.98 120.65 18059 1050 :
2000 6697 15689 12363 16043 12622 24472 20293 8644 38869 .. 31044 37894 10608 15564 951
2500 9997 14168 10764 13450 11186 22634 17643 632t 34519 :.-  303.28 334.95 91.15 132.80

862.2

ey
- ‘ m N S
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%,

j
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Table II-13.

Transect unwelghted usable area (sq ft/1000 lineal ft of stream)
and total habitat type and reach weighted usable area isq ft x
1,000) for chinook salmon spawning in the lower Yuba River.

GARCIA GRAVEL PIT STUDY REACH

“TRANSECT 1 2 3 4 5 6 7 8 9 TOTALS
HABITAT TYPE LGR RG G sp SP Dp P DP LGR IGR . . RG sP DP REACH
DISTANCE () 6813 13413 13413 3700 3700 2050 2050 2850 6813 . - 13625 26825 7400 8550 56400
Discharge (cls) Unwelghted Results of PHABSIM (sq /1000 f1) Waighted Usabls Area (sq #t) In thousands
50 ik
100 273 21267 19541 10251 8912 3137 1429 3469 46674 iV 321.21  647.62 7090 2280 96263
150 655 31893 34068 16236 12872 3152 1508 4250 67146 " 461.24 885.01 107.70 25,39  1479.35
200 878 40347 46640 24742 17017 3387 1610 5033 88131 i 60642 1169.44 154.51 20.69 1958.95
250 1068 45261 55830 34998 22213 3585 1761 " 6105 104306 710.58 1355.93 212.05 3263 2319.20
i. 300 1187 48195 63517 43929 29232 3911 1857 7441 114240 70840 1498.39 270.70 J7.64 2593.13
3 350 1225 §1300 68904 54070 36336 4137 1945 8783 119415 821.92 1612.31 334.50 4240 2811.12
! 400 1214 55967 73942 63620 42566 4392 2014 10363 121372 835.18 174248 393.63 47.79 3019.08
450 1149 61149 78654 69018 46956 4594 2150 11718 116804 i, 803.61 1875.18 429.11 52.62 3160.5%
500 1100 68421 81619 69191 50835 5082 2356 12953 107571 | ¢ 74038 201247 444.09 58.11  3255.06
600 1048 02383 65868 66354 53896 6069 27193 13520 91215 . 62059 2256.75 444.93 63.79 3394.05
700 829 94650 86462 63332 52295 7315 3308 12930 76310 ¥i 52555  2429.26 427.82 67.12  3449.756
800 673 1’0(570 84429 60145 49234 8489 3783 11722 657682 452.756  2481.48 404.70 68.38  3407.01
900 568 97776 61306 66719 45145 9946 4188 10508 57724 397.14  2402.03 376.90 70.23  3246.%0
1000 484 92059 77025 53684 41476 11289 4384 8068 52704 362.37 2280.00 352.09 7051  3064.96
1250 462 83017 62633 41795 34182 14513 4097 6083 42448 292.34 1953.61 281.11 70.32 2597.38
1500 432 69573 40142 22918 27780 16315 4339 4463 35770 246.64 147160 187.58 7158 1977.42
1750 303 469968 27438 15661 22251 17665 4641 2804 34168 235.45 §96.38 140.27 7214 1448.23
2000 385 23941 19095 12133 18856 17832 5564 2686 31267 215.51 577.23 114.66 74.33 881.73
2500 209 182.95 280.65 83.14 81.568 628.32

10337 10587 8522 13949 17900 8328 2095 26644

C-066914
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Table II-14,

Transect unweighted usable area (sq ft/1000 1ineal ft of stream)
and total habitat type and reach weighted usable area (sq ft x
1,000) for chinook salmon fry in the lower Yuba River.

NARROWS STUDY REACH

TRANSECT 1 2 3 4 5 6 TOTALS
HABITAT TYPE oP DP bP bP bP DP DP REACH
DISTANCE (1) 1463 1463 1463 1463 1463 1463 8775 8775

Discharge (cls) Unweighled Results of PHABSIM (sq 1000 1) WUA (thousands)

50 y

100 0 176 2716 4915 13756 2932 35.84 35.84
150 0 260 2624 6656 15691 4065 : 42.89 42.89
200 O 953 2780 8425 16100 4624 | | 47.53 4753
' 250 (i 428 2824 0747 18389 4564 ! 52.60 52.60
- 300 0O 508 2745 10604 21168 3706 / . 56.65 56.65
w 850 4 693 1730 10173 19176 3133 ) - 50.92 50.92
400 18 681 1778 9277 17158 2255 |- 45.59 4559
450 65 772 1805 8544 15384 1150 ;. 40.70 40.70
500 126 B44 1870 7815 13810 1082 . .. 31.37 ar.ar
600 212 1064 1919 6676 11067 1461 : 32.717 32.77
700 315 1263 1736 5674 7973 1773 - 21.70 21.70
, 800 432 1407 1634 3330 8937 2078 26.07 26.07
900 642 1545 1492 3427 8491 2419 - 27.67 27.67
1000 621 1677 1877 3647 8908 2789, . 30.02 30.02
1250 820 1729 2668 4350 9822 343 33.30 33.30
1500 1055 1630 2994 4852 10584 3923 36.48 36.48
1750 1297 1521 3264  4B64 11688 4248 ' 39.33 39.33
2000 1556 1399 3400 4873 12697 4636 - 41.79 41.79
2500 2061 522 2574 6541 13143 5301 42.63 42.63

Revised 11/1/89
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Ta s II-15. )

Transect unweighted usable area (sq ft/1000 lineal ft of stream)
and total habjtat type and reach weighted usable area (sq ft x
1,000) for chinook salmon juveniles in the lower Yuba River.

NARROWS STUDY REACH
TRANSECT 1 2 3 4 5 [ TOTALS
HABITAT TYPE oP oP oP DP DP oP . opP REACH
DISTANCE (i) 1463 1463 1463 1463 1463 1463 - 8775 8775
Discharge (cfs) Unweighled Results of PHABSIM (sq 1t/1000 1) WUA (thousands)
50
‘ 100 0 90 824 1265 3224 8.88 0.88
150 0 12 740 1504 3270 9.38 9.38
200 0 131 557 1732 3872 9.85 9.85
250 3 149 519 1954 3812 10.35 10.35
300 8 166 42 2155 4091 10.83 10.83
350 18 183 394 1827 3468 9.28 9.28
400 27 200 364 1502 2718 7.60 7.60
L 450 a 217 a4 1279 2259 6.57 6.57
iy 500 55 228 M8 1213 2N 6.27 6.27
! 600 132 267 292 1108 2001 5.99 5.99
700 159 292 309 858 1949 6.10 6.10
800 181 284 349 851 1931 6.13 6.13
900 203 274 ar2 910 2095 6.53 6.53
1000 224 257 400 991 2252 7.07 1.07
1250 215 225 533 1156 2376 8.1 XTI
1500 a3 216 624 1325 2991 9.86 9.86
1750 ars 203 744 1208 3818 11.40 11.40
2000 425 185 868 1635 4258 13.37 13.37
2500 487 119 505 2048 4404 14.77 14.77

Revised 11/1/89
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Table 1II-17.

River total weighted usable area (sq ft x 1,000) by habitat t
for chinook salmon fry in the lower Yuba Ri&er.) Y ype

HABITAT TYPE LGR RIG sp pp RIVER

DISTANCE (ft) 20200 46000 19575 39300 125075

Discharge (cls) Waelghted Usable Area (sq ft) in thousands
60

100 632.71  2577.74  1903.54  1005.02 6119.01

150 567.76  2291.27  1876.91 955.48 5691.41

200 48283 1939.60  1766.05 860.45 5048.92

250 41143  1658.67  1592.71 777.10 4439.91

| 300 360.23  1492.41 1390.89 723.36 3966.88
- 350 311.86 129210  1237.80 653.34 3495.10
by 400 269.23 1180.67  1086.30 588.07 3134.27
! 450 238.65 1134.43 976.27 542.82 2892.17
600 21479  1029.75 868.62 510.62 2623.78

600 184.18 855.52 647.45 477.31 2164.46

700 158.83 720.43 480.01 442,12 1801.38

800 130.78 607.31 393.74 414.48 1548.31

800 109.04 534.46 342.73 398.62 1384.86

1000 ' 103.25 475.40 311.97 387.03 1277.66

1250 114.99 420.39 239.38 352.10 1126.87

1500 118.78 355.98 196.20 323.02 993.98

1750 114,16 332.79 185.53 294.33 926.80

2000 103.36 331.21 171.98 264.12 870.66

2600 81.71 297.21 152.68 204.28 735.77

Revised 11/1/89
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Table II-18.

River total weighted usable area (sq ft x 1,000) by habitat type
for chinook salmon juveniules in the lower Yuba River.

HABITAT TYPE LGR R/G SP DP RIVER

DISTANCE (t) 20200 46000 19575 39300 125075

Discharge (cls) Waelghted Usable Area (sq ft) in thousands
50

100 1779.77 4566.25 1456.75 341.55 8144.32

150 1698.95 4929.79 1638.27 387.67 8654.69

200 1523.32 4946.68 1778.78 402.60 8651.37

250 1329.99 4789.79 1908.08 417.95 8445.81

[ 300 1204.05 4674.54 1924.65 425.51 8228.76
z 350 1074.52 4639.01 16813.31 420.15 7946.99
~ 400 960.11 4451.56 1685.98 415.48 7513.10
' 450 866.08  4137.55  1658.62 a“7.21 6979.46
500 77879  3936.19  1438.46 423.81 6577.25

600 676.87  3229.10  1235.85 422.65 5564.47

700 584.70  2590.97  1031.39 420.49 4627.56

800 524.82  2145.26 866.86 412.67 3949.60

900 470.11 1861.64 733.65 408.25 3473.64

1000 435.12 1646.54 620.82 404.05 3106.53

1250 448.63 1274.58 463.11 413.24 2599.56

1500 39269  1033.13 386.66 399.01 2211.39

1750 369.50 871.45 352.95 415.45 2009.35

2000 362.32 795.82 319.23 366.89 1864.27

2500 336.76 757.04 240.92 319.67 1654.39

‘ Revised 11/1/89
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Table II-19.

River total weighted usable area (sq ft x 1,000) by habitat type
for chinook salmon spawning in the lower Yuba River.

HABITAT TYPE LGR R/G SP DP RIVER
DISTANCE (1) 20200 46000 19575 39300 125075
Discharge (cfs) Weighted Usable Area (sq It) in thousands
50

100 463.76 831.67 123.70 48.88 1468.01

150 811.28 1377.92 168.20 47.68 2405.07

200 1130.05 1949.97 229.17 49,32 3358.50

250 1368.69 2415.82 301.39 52.43 4138.33

300 1534.20 2834.20 373.35 58.06 4799.81

350 1630.31 3171.53 448.86 63.99 6314.69

400 1695.63  3396.73 620.78 71.24 5684.37

450 1687.93  3549.50 675.15 76.60 5669.18

500 1601.29  3690.00 611.72 82.01 5985.01

600 1419.61 3903.17 657.73 86.64 6067.15

700 1198.556  3993.55 696.91 90.49 5979.49

800 1047.81 3886.60 736.39 94.68 5765.47

900 928.60  3631.37 741.96 98.67 5400.60

1000 837.98  3357.45 710.85 104.29 5010.50

1250 665.67  2703.10 678.72 111.056 4058.54

1500 535.69  2013.44 426.18 118.75 3094.06

1760 460.57  1416.89 341.63 126.11 2344.99

2000 394.78 951.75 292.79 141.08 1780.38

2500 300.97 693.47 223.03 163.83 1281.31

Revised 11/1/89
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TABLES CORRESPONDING TO WUA FIGURES
IN TEXT FOR
STEELHEAD TROUT
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Table III-1. .
Steelhead fry, juvenile, and spawning
total weighted usable area (sgq ft x 1000)
by discharge for the Yuba River study area

(Figure 26).

Discharge Fry Juvenile Spawning
100 7595 7994 474
150 7619 9322 972
200 7505 9865 1543
250 7109 9967 2093
300 6742 9920 2599
350 6462 9786 3025
400 5944 9547 3390
450 5463 9219 3693
500 5045 8821 3914
600 4417 7987 4217
700 3897 7105 4355
800 3499 6287 4266
900 3163 5518 3976

1000 2868 4821 3513

1250 2489 3611 2294

1500 2240 3013 1437

1750 2083 2636 991

2000 1981 2423 841

2500 1842 2153 778
~-150-
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Table III-2a.
Steelhead fry total weighted usable area
(sq ft x 1000) by discharge for the Yuba River
study area and by study reach (Figure 27).

Simpson Daguerre Garcia Total
Dischagge Lane Pt. Dam Gravel Pit Narrows River
0
100 424 3230 3919 22 7595
150 496 3305 3790 28 7619
200 570 3230 3669 36 7505
250 624 2979 3458 48 7109
300 641 2697 3339 65 6742
350 645 2384 3352 81 6462
400 642 2091 3119 92 5944
450 636 1869 2857 101 5463
500 627 l682 2626 110 5045
600 605 1437 2246 129 4417
700 576 1298 1878 145 3897
800 544 1182 1616 157 3499
900 517 1133 1349 164 3163
1000 490 1072 1139 167 2868
1250 430 938 951 170 2489
1500 392 824 854 170 2240
1750 359 749 806 169 2083
2000 315 702 797 167 1981
2500 231 688 767 156 1842

Table III-2b.
Steelhead fry total weighted usable area
(sq ft x 1000) by discharge for the Yuba River
study area and by habitat type (Figure 27).

Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River
50 :
100 1658 4022 1421 494 7595
150 1443 3935 1604 637 7619
200 1222 3914 1582 787 7505
250 1006 3724 1495 884 7109
300 831 3583 1382 948 6742
350 702 3529 1237 995 6462
400 617 3214 1104 1008 5944
450 550 2897 1000 1014 5463
500 509 - 2608 911 1018 5045
600 462 2146 773 1036 4417
700 417 1789 671 1020 3897
800 457 1434 604 1005 3499
900 454 1164 549 997 3163
1000 417 985 500 968 2868
1250 357 839 410 883 2489
1500 354 736 355 795 2240
1750 332 719 303 729 2083
2000 304 729 274 674 1981
2500 251 778 237 576 1842
~-151-
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Table III-3a.
Steelhead juvenile total weighted usable area
(sqg ft x 1000) by discharge for the Yuba River
study area and by study reach (Figure 28).

Simpson Daguerre Garcia Total
Discharge Lane _Pt. Dam Gravel Pit Narrows River
50
100 382 3374 4238 0 7994
150 525 4072 4725 0 9322
200 588 4333 4944 0 9865
250 616 4383 4968 o 9967
300 630 4302 4988 0 9920
350 633 4137 5015 1 9786
400 630 3915 5001 1 9547
450 619 3678 4920 2 9219
500 607 3412 4800 2 8821
600 568 2975 4440 4 7987
700 526 2619 3954 6 7105
800 477 2317 3484 9 6287
900 434 2096 2977 11 5518
1000 395 1883 2530 13 4821
1250 310 1526 1757 18 3611
1500 251 1280 1464 18 3013
1750 222 1107 1289 18 2636
2000 199 1009 1196 19 2423
2500 168 879 1079 27 2153

Table III-3b.
Steelhead juvenile total weighted usable area
(sq ft x 1000) by discharge for the Yuba River
study area and by habitat type (Figure 28).

Low Gradient Run/ Shallow Deep Total
Discharge Riffle Glide Pool Pool River

50
100 1568 4099 1604 723 7994
150 1747 4612 2082 882 9322
200 1734 4925 2256 950 9865
250 1576 5099 2328 965 9967
300 1384 5221 2349 966 9920
350 1225 5263 2321 978 9786
400 1089 5225 2266 967 9547
450 972 5102 2191 954 9219
500 885 4891 2105 940 8821
600 778 4369 1925 915 7987
700 699 3781 1746 880 7105
800 666 3197 1579 845 6287
900 623 2681 1402 812 5518
1000 578 2219 1247 777 4821
1250 499 1485 939 689 3611
1500 455 1217 723 617 3013
1750 429 1067 565 575 2636
2000 415 1005 474 530 2423
2500 392 925 365 470 2153

-152-
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Table III-4a. ‘
Steelhead spawning total weighted usable area
(sq ft x 1000) by discharge for the Yuba River
study area and by study reach (Figure 29).
Simpson Daguerre Garcia Total M\I
Discharge Lane Pt. Dam Gravel Pit Narrows River "
50
100 1 44 429 0 474 l
150 2 207 763 0 972
200 6 454 1083 0 1543 .
250 11 702 1380 0 2093
300 18 912 1669 0 2599
350 26 1061 1938 0 3025
400 35 1162 2193 0 3390
450 44 1207 2442 0 3693 '
500 53 1216 2645 0 3914 ,
600 65 1186 2966 0 4217 )
700 71 1127 3157 (o] 4355 ‘
800 69 1053 3144 0 4266 I
900 62 970 2944 0 3976
1000 83 872 2588 0 3513
1250 31 676 1587 (0] 2294
1500 18 520 899 ] 1437 /
1750 11 441 539 o 991
2000 7 411 423 0 841
2500 3 403 372 0 778 l
Table III-4b.
Steelhead spawning total weighted usable area
(sq £t x 1000) by discharge for the Yuba River l
study area and by habitat type (Figure 29).
Low Gradient Run/ Shallow Deep Total '
Discharge Riffle Glide Pool Pool River l
50 :
100 73 401 0 0] 474
150 147 822 3 (o] 972
200 213 1311 19 0 1543 i
250 258 1772 63 0 2093 -
300 280 2175 143 (o} 2599
350 281 2511 232 1 3025
400 266 2802 321 2 3390
450 245 ‘3057 386 3 3693
500 221 3260 429 4 3914
600 178 3548 482 9 4217 '
700 148 3682 511 15 4355
800 133 3589 523 23 4266
900 128 3301 516 31 3976
1000 125 2865 486 37 3513 '
1250 116 1750 376 51 2294 :
1500 110 994 272 62 1437
1750 116 599 206 . 70 991
2000 148 439 176 78 841 l
2500 166 371 142 98 778
-153- !
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Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of

Table III-S.

stream for steelhead trout fry in the lower Yuba River.

NARROWS STUDY REACH WUA in esquare feet x 1000
TRANSECT 1 2 3 4 5 6
HABITAT TYPE Dp bp DP pp Dp PP REACH
DISTANCE _ 1463 1463 1463 1463 1463 1463 8718
FLOW (cfs)
50
100 1340 1101 2354 3048 37617 3469 22
150 1430 1290 2322 4008 4871 5236 28
200 1521 1480 2439 5119 6234 7501 36
250 1617 1754 2608 721717 7690 11972 48
300 1721 2120 2905 10305 10715 16985 65
350 1821 2539 3211 12896 14162 20644 81
400 1919 2980 3531 14691 17164 22798 92
450 201§ 3595 3942 16209 18969 24501 101
§00 2110 4453 4648 17951 20524 25676 110
600 2298 6632 6945 21700 23341 26952 129
700 2524 8842 9627 24561 26199 275651 145
800 2885 10317 11637 25861 29218 276717 157
900 3260 11347 12796 26003 31499 27023 164
1000 3641 11861 13679 25980 33027 25741 167
1250 4657 12594 15177 26661 33566 23392 170
1500 6438 12690 16357 25993 33309 21406 170
1750 9191 12358 17085 24688 32428 19939 169
2000 12036 11681 17003 22994 31361 18815 167
2500 15053 10327 15805 20570 29151 15992 156

‘MMH
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Table III-6.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout fry in the lower Yuba River.

GARCIA GRAVEL PIT STUDY REACH WUA in square feet x 1000
TRANSECT 1 2 3 4 5 6 7 8 9
HABITAT TYPE LGR R/G R/G 5P 5P DP DP DP LGR LGR+ R/G sP DP REACH
DISTANCE 6813 13413 13413 3700 3700 2850 2850 2850 6813 13626 26826 7400 8550 56400
FLOW (cfs)
50

100 56401 35162 106413 128180 117001 34368 19175 27349 73078 882 1899 907 231 3919
150 46040 38873 115696 100576 96168 38119 28032 29036 59330 718 2073 728 271 3790
200 35369 48109 117488 83956 77013 38516 33998 28356 47559 565 2221 596 287 3669
250 26357 64075 101944 73679 65853 37173 34884 27025 37262 433 2227 516 282 3458
300 19389 79749 90064 62528 57542 35480 34471 26893 30727 341 2278 444 276 3339
350 15186 98980 80600 52993 50962 34285 34005 27297 26832 286 2409 ass 272 3352
400 14688 95297 72497 45820 46061 33196 32785 25195 24594 268 2251 340 260 3119
450 13052 88037 64827 35874 41927 31921 32480 23232 24159 254 2050 303 250 2857
$00 12537 80709 57973 34707 38600 31537 32202 21959 24355 251 1860 2711 244 2626
600 10968 68955 45272 28460 32388 31405 29762 19802 26858 258 1532 225 231 2246
700 10661 57531 34026 23520 27310 31052 27309 16815 25733 248 1228 188 214 1878
800 12824 45860 24397 19749 22778 30103 25747 14649 33626 316 942 157 201 1616

'

;; 900 13492 33806 17419 18178 18611 28912 23024 14222 36017 KKy 687 136 189 1349

n 1000 13902 25444 13458 16744 15271 27521 20852 14613 32897 319 522 118 18¢ 1139

' 1250 9349 17463 11761 14349 12530 22757 21997 15269 33029 289 392 99 i 951
1500 8551 13430 10138 13432 11427 20632 19235 10648 35721 302 316 92 144 854
1750 8202 12135 9758 13851 11147 18922 18015 9591 33968 287 294 92 133 806
2000 8371 11276 11116 14210 10945 17570 19258 9785 31380 271 300 93 133 797
2500___ 7970 11179 13208 12148 11937 14026 21241 7455 25587 229 327 89 122 761
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Table III-7,
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout fry in the lower Yuba River.

DAGUERRE POINT DAM STUDY REACH

WUA in square feet x 1000

TRANSECT 1 2 3 4 5 6 7
HABITAT TYPE LGR ILGR R/G  R/G sp sP DP LGR+  R/G sP DP REACH
DISTANCE 3088 3088 8538 _B538 4688 4688 8775 6176 17076 _ 9376 _ 8775 _ 41403

FLOW (cfs)

50 136785 90016 120961 108709 18054 22684 5523 700 1961 191 48 2901
100 134896 103043 116782 101201 42762 56942 19023 735 1861 467 167 3230
150 127075 92300 105510 83725 83025 86461 24714 677 1616 795 217 3305
200 115844 82375 99826 72891 91479 99886 28078 612 1475 897 246 3230
250 100482 71650 89652 63584 90626 99110 28418 532 1308 889 249 2979
300 84006 62578 76982 56931 86707 94116 28923 453 1143  B4B 254 2697
350 70241 S4150 62708 52177 77749 84819 29324 384 981 762 257 2384
400 58508 45902 51257 47518 70073 74071 28416 322 843 676 249 2091
450 50093 38917 43411 43463 64902 65493 27470 275 742 611 241 1869
500 43009 34554 36240 40673 59986 58816 26125 240 657 557 229 1682
600 33516 28585 27902 35774 53677 46455 26501 192 544 469 233 1437
700 27542 24205 24366 34983 49627 36468 26008 160  S07 404 228 1298
800 23865 19498 21582 31058 48967 29436 26392 134 449 368 232 1182
900 21023 15210 22507 29493 46021 25504 27534 112 444 335 242 1133
1000 18326 12202 21518 29773 42784 22873 26496 94 . 438 308 233 1072
1250 13777 7719 23572 26977 36311 17047 21679 66 432 250 190 938
1500 9067 7220 21345 26594 33353 12370 17139 50 409 214 150 824
1750 6805 7088 22320 26649 26773 10280 13080 43 416 174 115 749
2000 5949 4227 23925 25503 22452 10081 10996 31 422 153 96 702
2500 3127 3592 22689 29399 17950 9596 10694 21 445 129 94 688
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Table III-8.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout fry in the lower Yuba River.

SIMPSON LANE STUDY REACH WUA in square feet x 1000

TRANSECT 1 2 3 4 8 6 7 8 9

HABITAT TYPE LGR R/G R/G sp sP DP 1] 2 1} 4 DP LGR+ R/G §p DP REACH RIVER

DISTANCE 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 125075
FLOW (cfs)

50 56783 117427 176439 10508 4955 3905 3666 2969 3321 23 204 22 46 294

100 102710 137892 111316 22726 10519 6766 6232 4316 5215 41 262 47 74 424 7595

150 119046 123162 111313 35122 22855 11456 10015 6802 8452 48 246 81 121 496 7619

200 113407 110075 97783 36039 27393 21345 18885 10457 15231 45 218 89 218 §70 7505

250 102444 94063 85999 34288 29463 28993 27158 16883 19357 41 189 89 305 624 7109

300 91047 81696 73030 32733 31506 31700 30213 23611 21325 36 162 90 353 641 6742

350 178292 71128 60845 31016 33107 33389 32051 28006 23257 k) 139 90 385 645 6462

400 66627 61713 52276 29656 33672 34629 33233 29985 25602 27 120 89 407 642 5944

450 55283 54167 46158 28634 32817 35401 34093 30931 27576 22 105 86 422 636 5463

SO0 45764 46165 40659 27877 31186 35974 34776 31712 29244 18 91 83 435 627 5045

600 32500 34443 31974 27446 28664 36335 35121 32988 29892 13 70 79 443 605 4417

700 24041 26237 25622 28625 27732 234924 33243 33840 29134 10 54 79 433 576 3897

i 800 17277 19611 21024 29913 26798 232979 30771 33247 28861 U 43 79 415 544 3499

~ 900 12086 14405 17226 29571 25915 31423 29108 31894 29306 S 3 78 402 517 3163

E} 1000 8862 10371 13674 27760 24565 29814 27607 30560 29597 4 25 73 388 490 2868

! 1250 5393 5648 8263 22580 20738 26785 25928 27768 26333 2 15 61 352 430 2489

1500 4529 4790 5557 17156 17386 25430 26805 25231 22821 2 11 48 33 392 2240

1750 4413 4348 3857 12790 13780 24665 26035 22913 20819 2 9 37 312 359 2083

2000 4423 3438 3131 9605 10504 21878 22345 21031 18936 2 ? 28 278 315 1981

2500 4280 3073 2918 6746 6676 14887 15391 17095 14379 2 6 19 204 231 1842

oot i il
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Table III-9, ’
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout juveniles in the lower Yuba River.

NARROWS STUDY REACH WUA in aquare feet x 1000
TRANSECT 1 2 3 s 5 6
HABITAT TYPER Dp pp DP DpP Dp DP REACH
DISTANCE 1463 1463 1463 1463 1463 1463 8778
FLOW (cfs)
50
100 0 0 0 0 0 0 0
150 0 0 0 0 0 0 0
200 0 0 0 0 0 74 0
250 0 0 0o 2 0o 132 0
300 0 0 0 48 47 133 0
350 0 o 0 100 159 153 1
400 0 o 0 134 402 282 1
450 0 0 o 1N 617 370 2
500 0 0 0 238 780 427 2
600 0 0 0 585 1461 576 4
700 0 0 0 961 2217 1100 6
800 0 0 17 1192 3098 1533 9
AR 900 0 0 60 1622 3809 1736 11
n 1000 0 0 99 2423 4887 1625 13
® 1250 0 0 170 4332 6124 1544 18
1500 0 0 182 4500 5885 1611 18
1750 0 0 284 4229 5418 2100 18
2000 0 5 381 4181 5171 3273 19
2500 0 129 518 4753 8060 4705 27

Pl Tl I
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Table 11X~-10.
Transect welghted usable area (WUA) in square faeet per 1,000 lineal feet of

stream for ateslhead trout juveniles in the lower Yuba River.
GARCIA GRAVEL PIT STUDY REACH WUA in square feet x 1000
TRANSECT 1 2 3 4 5 6 U 8 .9
HABITAT TYPE LGR R/G R/G sp sp pP pp pp LGR LGR+ R/G sp DP REACH
__DISTANCE 6813 13413 13413 3700 3700 2850 2850 __ 2850 6813 13626 26826 7400 8550 56400
FLOW (cfs)
50

100 58293 32065 107585 136762 132242 79928 21027 54137 177872 928 1873 995 442 4238

150 62149 37201 124613 145726 139815 84198 36180 56110 83996 996 2170 1056 503 4725

200 56944 44006 135650 148689 141215 83562 45044 55608 B0426 936 2410 1073 525 4944

250 47043 50884 141311 149663 139674 81776 48403 54613 69197 792 2578 1071 527 4968

300 37567 62746 143319 146717 136382 79717 49776 53196 58647 656 2764 1047 521 4988

350 31480 75104 142665 142017 131647 77774 50766 51988 51626 566 2921 1013 515 5015

400 26225 86565 139165 136226 125601 175975 50233 50212 47335 501 3028 969 503 5001

450 19684 96498 133301 127099 119181 73920 50229 47844 44499 437 3082 911 490 4920

500 15840 103568 125456 116957 112696 72342 50212 45393 42758 398 3072 850 479 4800

600 12315 109166 106715 98150 99270 68471 49695 39306 41205 365 2896 730 449 4440

700 11009 103495 88505 80788 86249 64319 48393 34116 39373 343 2575 618 418 3954

800 11725 95205 71035 65246 74175 59662 47363 29370 39449 349 2230 516 389 3484

A 900 11739 84499 54431 50327 61484 54763 45521 25872 38163 340 1863 414 3600 2977
A 1000 11442 72658 41257 39250 52921 50100 43329 22920 36895 329 1528 341 332 2530 .

‘f 1250 9718 44130 26052 26839 35136 39605 37734 17311 36745 k3 W} 941 229 270 17157

1500 - 9145 34988 20222 22094 27019 32149 32675 14886 36923 314 741 182 2217 1464

1750 6526 29025 17531 20098 21795 28562 28580 12619 39147 311 624 158 199 1289

2000 5999 26050 15859 19491 18557 25827 24741 11324 40556 317 562 141 176 1196

2500 9245 23115 12757 17160 14828 22998 21366 8454 39008 329 481 118 151 1079
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Table III-11.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhesad trout juveniles in the lower Yuba River.

DAGUERRE POINT DAM STUDY REACH

WUA in square feet x 1000

TRANSECT 1 2 3 4 5 6 7
HABITAT TYPE LGR LGR R/G R/G sp SP 1] 4 LGR+ R/G SP DP REACH
DISTANCE 3088 3088 8538 8538 4688 4688 8775 6176 17076 9376 8775 41403

FLOW (cfs)

50 71054 61355 70B66 103036 19535 24076 5175 409 1485 204 45 2144
100 111730 87196 104545 123899 47621 65753 31711 614 1950 531 278 3374
150 130257 100053 121749 128194 89899 93312 41943 711 2134 859 368 4072
200 137467 104486 128814 128341 103881 108142 45213 747 2196 994 397 4333
250 135312 99900 129936 127221 110378 118371 44312 726 2196 1072 389 4383
300 125014 91343 124766 124970 115012 124442 43159 668 2132 1123 379 4302
350 115512 78095 116851 120101 116597 125913 43188 §98 2023 1137 379 4137
400 103790 67457 108659 112568 116193 125719 41420 §29 1889 1134 363 3915
450 94321 60675 97053 104837 115044 125302 39806 479 1724 1127 349 3678
S00 85946 54361 82300 97625 112974 123816 37919 433 1536 1110 333 3412
600 73036 46394 61181 81850 108866 118119 36570 369 1221 1064 321 2975
700 63353 39884 48353 67284 105271 109809 34709 319 987 1008 305 2619
800 58198 J4744 39532 52242 102415 100846 33398 287 784 953 293 2317
900 53866 29933 33403 44738 97163 91373 32619 259 667 884 286 2096
1000 49302 24564 27804 38634 91989 81143 31459 228 567 812 276 1883
1250 41194 13934 21834 33204 178187 57627 28342 170 470 637 249 1526
1500 33663 9416 18136 32483 64504 39638 25792 133 432 488 226 1280
1750 27969 8279 16833 31727 53527 25489 23950 112 415 370 210 1107
2000 23534 6746 17742 31639 44403 20275 21731 94 422 3ol 191 1009
2500 15260 4310 19837 30557 31674 16556 18437 60 430 226 162 879

-
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Table III-12.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout juveniles in the lower Yuba River.
SIMPSON LANE STUDY REACH WUA in square feet x 1000
TRANSECT 1 2 k) 4 5 6 7 8 9
HABITAT TYPE LGR R/G R/G 8P 8P pP DP pP 0] 4 LGR+ R/G 8P DP REACH RIVER
DISTANCE 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 125075
FLOW (cfw)
50 27499 93237 90632 5682 753 o 0 0 0 11 193 9 0 213
100 64414 130459 132730 42645 12302 658 233 0 1 26 276 77 3 382 7994
150 100569 145263 147689 81464 37318 2118 1048 63 177 40 308 166 11 525 9322
200 126995 152696 151448 89454 46154 5047 2008 152 1217 51 319 190 28 588 9865
250 143253 156385 152823 87546 44505 8297 3404 184 2861 57 3258 188 49 616 9967
300 151208 157197 152042 084886 42886 9482 5217 455 4779 60 328 179 66 630 9920
350 151120 155051 148466 81202 40993 10306 6546 798 7392 60 319 17 83 633 9786
400 148309 149114 144594 77192 38998 10860 6887 1109 11299 59 308 163 100 630 9547
450 140738 142150 139998 73197 36282 11215 7074 1398 14593 56 296 153 113 619 9219
500 131885 134906 134568 69710 33931 11106 7887 1791 17427 53 283 145 126 607 8821
600 110775 118380 121931 63588 29482 11684 96393 3029 18230 44 252 130 141 568 7987
700 91365 100210 108111 59394 26231 13336 10274 4069 18026 7 219 120 151 526 7105
\ 800 175425 B80213 93993 55584 23451 13868 9830 4192 18695 30 183 111 154 477 6287
- 900 61518 62850 80629 53135 21118 13269 9762 4224 19774 25 151 104 155 434 5518
o 1000 50758 49866 68294 48747 18915 12558 9581 4808 20236 20 124 95 156 395 4821
! 1250 31291 28033 42231 37529 14345 11328 8785 6949 18860 13 74 73 152 310 3611
1500 19782 17070 24583 27894 10128 11581 10236 6280 16115 8 44 53 146 251 3013
1750 14311 10579 16067 20863 7730 12178 12205 5870 14585 6 28 40 148 222 2636
2000 10848 8065 11801 15394 5947 11855 12328 5838 13736 4 21 30 144 199 2423
2500 8118 5388 7803 10085 4726 10423 11318 5897 11789 3 14 21 130 168 2153

‘hm Sy
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Table III-14.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steeslhead trout spawning in the lower Yuba River.

GARCIA GRAVEL PIT STUDY REACH

WUA in square feet x 1000

TRANSECT 1 2 3 4 5 6 7 8 9
HABITAT TYPE LGR R/G R/G se 8P pp pp ppP LGR LGR+ R/G sp DP REACH
DISTANCE 6813 13413 13413 3700 3700 2850 2850 2850 6813 13626 26826 7400 8550 56400

FLOW (cfs)
50

100 0 17218 10266 (¢} ) o 4] 0 8777 60 369 o o 429
150 0 24361 24991 889 o 0 0 0 14401 98 662 3 o 763
200 0 29936 40292 4106 968 0 0 2 17934 122 942 19 0 1083
250 0 34677 53650 12108 5029 0 U] 33 19320 132 1185 63 0 1380
300 0 38713 65296 26343 12342 1 0 138 19198 131 1395 143 0 1669
350 0O 42987 75194 41449 21014 27 o 313 17831 121 1585 231 1 1938
400 0O 47098 84520 56431 298013 93 3 572 15768 107 1765 319 2 2193
450 0 52538 93870 67704 35450 201 9 802 13581 93 1964 382 3 2442
500 0 59078 100808 73065 39541 529 40 994 11608 79 2145 417 4 2645
600 0 76499 107352 73993 41961 1444 259 1460 9046 62 2466 429 9 2966
700 0 92100 109053 66593 138704 2178 819 2326 7946 54 2698 390 15 3157
IR 800 0 100694 103129 56595 33516 2605 1856 3399 8059 55 2734 333 22 3144
A 900 0 101702 90595 46221 27903 2557 3181 5100 8846 60 2579 274 31 2944
w 1000 0 91594 77182 37913 22881 2346 4381 6211 9105 62 2264 225 37 2588
' 1250 0 54069 46078 23002 12861 1984 6971 8227 9173 62 1343 133 49 1587
1500 0 27561 24235 13495 7518 2159 9128 9277 9834 67 695 78 59 899
1750 0 12294 12875 8831 5203 2451 11137 9087 12364 84 338 52 65 539
2000 0 §350 BB6S 7626 4856 2514 11810 9295 17414 119 191 46 67 423
2500 0o 1462 6563 6599 4889 1909 13757 10761 21397 146 108 43 75 372

J MILIMM

-l
)

'C—066935

C-066935



~poL-

{

Table III-1S.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout spawning in the lower Yuba River.

DAGUERRE POINT DAM STUDY REACH

WUA in square feet x 1000

TRANSECT 1 2 3 4 5 6 7
HABITAT TYPE LGR LGR R/G R/G sp sP DP LGR+ R/G SP DP REACH
__DISTANCE ___ 3088 3088 8538 8538 4688 4688 8775 6176 17076 9376 8775 41403
FLOW (cfs)
50 1 16 0 0 0 0 0 0 0 0 1] 0
100 1278 2518 3715 0 0 0 0 12 32 0 0 44
150 5967 9185 18650 34 0 0 (] 47 160 0 0 207
200 12867 15349 41858 1184 0 0 0 87 367 0 0 454
250 19152 20065 63097 4988 0 2 0 121 581 0 0 702
300 24137 22018 80429 9622 1 15 0 143 769 0 1] 912
350 26971 22203 90842 15561 2 107 0 152 908 1 0 1061
400 27023 21365 97223 21208 4 434 0 149 1011 2 0 1162
450 25694 20516 98477 25538 7 993 0 143 1059 5 0 1207
500 23569 19117 96283 29239 662 1972 0 132 1072 12 0 1216
600 18493 16042 86185 33993 4845 6507 0 107 1026 53 0 1186
700 14490 13113 72648 35217 11082 14828 4 as 921 121 0 1127
800 11960 11038 58895 34029 17690 22715 12 7 793 189 0 1053
900 10171 9926 46860 31155 22718 28836 3 62 666 242 0 970
1000 9212 9634 136508 28247 25643 30018 50 58 553 261 0 872
1250 8045 B662 23346 21103 27838 23955 204 52 379 243 2 676
1500 7117 6284 15655 17380 26701 14636 374 41 282 194 3 520
1750 6079 4009 11378 18039 25218 7556 581 K} § 251 154 5 441
2000 5194 4084 8244 20005 23962 3765 1266 29 241 130 11 411
2500 3546 2947 6914 23511 20647 652 2640 20 260 100 23 403

J
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Table III-16.
Transect weighted usable area (WUA) in square feet per 1,000 lineal feet of
stream for steelhead trout spawning in the lower Yuba River.

SIMPSON LANE STUDY REACH WUA in square feet x 1000 .

TRANSECT 1 2 3 4 S 6 7 8 9
HABITAT TYPE LGR R/G R/G sp sp DP DP DP DpP LGR+ R/G 8p DP REACH RIVER
DISTANCE 400 1050 1050 1400 1400 3300 3300 3300 3300 400 2100 2800 13200 18500 125075

FLOW (cfs)
S0 1075 0 0 0 0 0 0 0 0 0 0 0 0 0

100 3263 0 0 0 0 0 0 0 0 1 0 0 0 1 474
150 6061 50 0 (1] 0 0 0 (1] 0 2 0 0 (1] 2 972
200 9397 1930 0 0 0 (4] 0 o (¢] 4 2 0 0 6 1543
250 12940 5630 252 0 0 (1] 0 0 (4] L] 6 0 0 11 2093
300 16466 9962 723 (o] 0 0 1] o 0 7 11 0 0 18 2599
350 19679 15711 1505 0 0 0 0 (1] (4] 8 18 (4] 0 26 3025
400 22545 22086 2418 0 0 o 0 0 0 9 26 0 0 35 3390
450 24284 28399 4055 0o (¢) 0 0 (4] 0 10 34 0 0 44 3693
500 25034 34607 5935 o 0 0 0 4] 0 10 43 0 0 53 3914
600 23943 42917 10043 o 0 ] 0 0 0 10 56 0 o 65 4217
700 20975 46352 13563 6 0 o (] 0 0 8 63 0 0 71 4355
800 17274 44940 14548 29 0 o 0 0 0 7 62 0 0 69 4266
' 900 13944 39877 13926 L) 0 o 0 1] 0 6 56 0 0 62 3976
;: 1000 10876 33776 12193 65 0 0 0 1] 0 4 48 0 0 53 3513
v 1250 5623 19855 7171 71 0 0 0 0 0 2 28 0 0 31 2294
! 1500 2900 12336 3544 l 0 0 0 0 0 1 17 0 0 18 1437
1750 1470 8356 1568 0 0 0 0 0 0 1 10 0 0 11 991
2000 758 5627 635 0 0 0 0 0 0 0 7 0 0 7 841
2500 250 2508 97 0 30 1) 0 0 0 0 3 0 0 3 1178

+ Amount of WUA (sq ft x 1,000) by habitat type within a reach.
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APPENDIX IV

WATER QUALITY DATA
FROM THE
LOWER YUBA RIVER
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Table IV-1,

Monthly suamary (1987) of the Report of Waste Discharge, effluent
monitoring, {rom the Lake Wildwood Special Improvement Zone No. 1,
Nevada County Sanitation District No. | sewage trestment plant
into Deer Creek, tributary to the lower Yuba River. Californias.
{Summary data from CRWQCB files, NPDES No. CA0077828)

EFFLUENT CONSTITUENT
s]
. Susp Susp Sett Sp con Tot Col Ccl

Saaple Flow BOD BOD Ratter matter matter (umhs/ 141 (mpn/ Res
Period (mgd) (mg/1) (1b/d) (mg/1) (1b/d) (ml/l) cm) (No.) 100ml) (mg/])
Jan 1987

: Avg. 0.28 23.7 46.5 21.9 42.8 0.1 584.6 7.1 5.0 0.0

Max. 0.30 36.0 78.1 63.5 137.7 0.2 7.3 110.0 0.0

Min. 0.18 15.7 32.9 6.0 12.5 0.0 7.0 2.0 0.0
Feb 1987

Avg. 0.25 19.0 312.0 20.0 $6.0 0.0 $99.2 7.1 1.0 0.0

Max. 0.37 25.5 69.4 6.5 112.6 0.0 7.3 2400 0.0

Min. 0.00 14.3 29.8 11.0 23.9 6.0 7.0 2.0 0.0
Mar 1987

Avg. (.45 19.9 73.1 28.8 94.5 0.0 $41.8 7.0 240.0 0.0

Max. 0.87 62.2 15%5.8 83.0 214.6 trace 7.3 52400 0.0

Min. 0.30 5.3 15.9 4.0 10.0 0.0 6.5 2.0 6.0
Apr 1987

Avg. 0.31 27.0 63.2 19.3 45.2 0.0 643.0 §.2 240.0 0.0

Max. 0.51 $8.0 198.3 39.0 117.1 0.0 8.5 >2400 0.0

Min. 0.25 7.3 3.0 10.0 21.7 0.0 5.9 3.0 0.0
May 1987

Avg. 0.27 1.3 3.4 7.2 15.8 0.0 $10.7 6.1 170.0 0.0

Max. 0.80 3.0 7.5 18.5 46.8 trace 7.0 >2400 0.0

Min. 0.2¢ <1.0 2.0 0.4 0.9 0.0 4.9 2.0 0.0
Jun 1987

Avg. . 0.30 2.9 7.0 4.3 12.4 0.0 626.5 6.7 33.0 0.0

Max. 0.43 5.1 12.8 17.8% 19.0 0.0 7.4 >2400 0.2

Min. 0.2¢ <1.0 2.8 0.5 1.1 0.0 S$.9 2.0 0.0
Jul 1987

Avg. 0.33 5.5 14.3 3.3 9.1 6.0 496.4 6.3 31.0 0.0

Max. 0.45 9.8 24.8 5.5 24.6 trace 6.8 >2400 0.0

Min. 0.25 2.2 6.1 0.5 1.1 0.0 3.1 €<2.0 0.0
Aug 1987

Avg. 0.37 5.2 1§.6 2.9 8.7 0.0 T44.0 6.6 22.0 0.0

Max. 0.48 8.3 25.3 7.2 22.2 trace 7.0 350.0 0.0

Min. 0.28 3.2 9.1 0.4 1.5 0.0 6.2 <2.0 0.0
Sep 1387

Avg. 0.36 4.2 11.4 4.5 13.6 0.0 763.4 6.2 8.0 0.0

Max. 0.43 8.2 7.8 10.8 3J2.4 trace 7.0 540.0 0.1

Min. 0.28 0.9 2.4 1.8 3.9 0.0 3.2 2.0 0.0
Oct 1987 .

Avg. 0.34 $.2 13.8 3.2 8.8 0.0 650.2 6.4 2.0 0.0

Max. 0.41 9.2 25.2 14.0 39.7 0.0 7.8 110.0 1.2

Min. 0.27 1.1 2.8 " 1.2, 3.0 0.0 3.3 <2.0 0.0
Nov 1987

Avg. 0.32 9.4 23.2 10.2 27.1 0.0 $30.0 6.4 23.0 0.0

Max. 0.39 16.1 38.9 54.0 139.4 trsce 7.4 122400 0.0

Min. 0.28 2.0 4.6 0.4 1.1 0.0 3.9 <2.0 0.0
Dec 1987

Avg. 0.38 10.5 36.3 1.8 6.0 0.0 $04.0 6.4 2.0 0.0

Max. 0.853 11.8 $0.8 8.0 14.4 0.0 R.4 5.0 0.0

Min. 0.23 9.4 28.3 0.8 2.3 0.0 4.0 ¢<2.0 0.0

t1 Specific conductivity measured monthly.
TDS. measured twice per vear, was 20.4 ag/l in June and 264 mg/l in December.
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Table IV-2.

Monthly susmary {1985) of the Report of Weste Discharge. effluent
monitoring, from the Clty of Nevada City sewage treatment plant
into Deer Creek, tributary to the lower Yubs River, California.
{Summary dsts from CRWQCB files, NPDES No. CA0079901)

EFFLUENT CONSTITUENT
t)
Tot Col Cl Sett Suap Susp Sp con
Sample Flow pH (mpn/ Res m=matter BOD BOD matter matter (umhs/
Period (mgd) (No.,) 100ml) (mg/l) (ml/l) (mg/1) (1b/d) (mg/1l} (1lb/d) cm)
Jan 198S$ .
Avg. 0.49 6.7 7.0 0.0 0.1 99.0 415.0 §7.0 226.0 139.0
Max. O0.57 7.0 23.0 0.1 <0.1 225.0 938.0 109.0 454.0
Min. 0.39 6.4 2.0 0.0 <0.1 §5.0 268.0 33.0 103.0
Feb 1985
Avg. 0.53 6.8 5.0 0.0 <0.1 76.0 S88.0 49.0 230.0 439.0
Max. 1.49 7.2 1600.0 0.1 0.2 132.0 288.0 84.0 686.0
Min. 0.40 6.4 <2.0 0.0 <0.1 4%.0 203.0 25.0 106.0
Mar 1985
Avg. 0.52 6.3 e.C 0.4 <0.1 37.0 164.0 27.0 118.0 475.0
Max. 0.92 §.9 $.0 3.0 <0.1 65.0 244.0 37.0 1865.0
Min. 0.43 J.2 <2.0 0.0 <0.1 23.0 §2.0 15.0 61.0
Apr 1985
Avg. 0.52 6.7 7.0 0.$ <0.1 47.0 203.0 37.0 160.0 626.0
Max. 0.58 7.3 94.0 2.1 0.4 94.0 431.0 74.0 339.0
Min. 0.47 6.0 <2.0 0.0 <0.1 17.0 6.5 14.0 5§7.0
May 1985
Avg. 0.48 6.0 2.0 0.8 <0.1 44.0 175.0 $4.0 220.0 §70.0
Max. O0.52 6.8 79.0 2.2 0.1 94.0 376.0 82.0 328.0
Min. 0.40 4.6 2.0 0.0 <0.1 20.0 80.0 31.0 122.0
Jun 1985
Avg. 0.51 6.5 13.0 0.5 0.1 19.0 82.0 32.0 137.0 $82.0
Max. 0.55 6.9 79.0 3.0 0.5 29.0 123.0 44.0 198.0
Min., 0.46 5.5 <2.0 0.0 <0.1 12.90 $0.0 15.0 62.0
Jul 1985
Avg. 0.47 6.8 8.0 2.0 ' «<0.1 19.0 76.0 21.0 84.0 4857.0
Max. 0.52 7.1 350.0 2.0 <0.1 29.0 121.0 35.0 146.0
Min. 0.44 6.3 2.0 0.0 <0.1 4.0 17.0 5.0 21.0
Aug 1985
Avg. 0.49 6.2 18.0 0.7 0.1 8.0 33.0 11.0 0.0 517.0
- Max. 0.52 6.8 >2400 5.0 0.2 13.0 §5.0 20.0 81.0
Min. 0.46 5.2 <2.0 0.0 <0.1 §.0 20.0 5.8 28.0
Sep 1985
Avg. 0.49 6.4 2.0 0.1 <0.1 14.0 $8.0 18.0 2.0 541.0
Max. 0.60 6.9 33.0 1.5 <0.1 23.0 86.0 24.0 108.0
Min. 0.44 5.4 <2.0 0.0 <0.1 8.0 34.0 10.0 42.0
Oct 1985
Avg. 0.48 §.2 <2.2 0.4 0.1 9.0 3.1 8.0 30.0 529.0
Max. 0.57 7.2 2400 2.0 <0.1 17.0 76.0 10.0 41.0
. Min. 0.40 3.6 2.0 0.0 <0.1 5.0 20.0 5.0 19.0
Nov 198S$
Avg. 0.87 6.3 €2.0 0.1 <0.1 12.0 $0.0 16.0 67.0 591.0
Max. 1.03 7.0 23.0 2.0 . <0.1 18.0 75.0 34.0 132.0
Min. 0.47 4.2 <2.0 0.0 <0.1 6.0 24.0 7.0 31.0
Dec 1985
Avg. 0.56 6.3 <2.0 0.1 ¢0.1 <10 <51 8.0 4%.0 —
Max. 1.12 7.7 8.0 2.0 <0.1 23.0 112.0 17.0 159.0
Min. 0.486 3.3 <2.0 0.0 <0.1 <1 (%] 2.0 8.0

81 Specific conductivity measured monthly.
TDS, measured twice per rear, waz 245 mg/l in June snd 27§ mx/l in November.
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Monthly summary (1986) of the Report of Waste Dischsrge, ef{fluent
monitoring, from the City of Nevada City sewage trestment plant
into Deer Creek, tributary to the lower Yuba River, California.
{Summary data from CRWQCE files, NPDES No. CA0079901)

- - D P P D Y D P D D P P DD WD R W W DD YR DR W W

EFFLUENT CONSTITUENT
L
Tot Col cl Sett Susp Susp Sp con
Sample Flow PH  (mpn/ Res matter BOD BOD wmatter matter {(umhs/
Period (mgd) (No.) 100al) (mg/l) (ml/1) (mg/1l}) (1lb/d) (mg/l} (1lb/d) em)
Jan 1986
Avg. 0.58 §.5 <2.0 0.1 <0.1 9.0 s1.0 4.0 24.0 §06.0
Max. 1.07 7.0 4.0 0.8 <0.1 19.0 108.0 9.0 72.0
Min. 0.43 5.4 <2.0 0.0 <0.1 4.0 20.0 1.8 4.0
Feb 1986
Avg. 0.851 5.7 <2.0 <0.1 <0.1 6.0 24.0 3.0 13.0 492.0
Max. 1.40 §.7 2.0 1.0 <0.1 9.0 $9.0 7.0 49.0
Min. 0.19 3.2 2.0 0.0 <0.1 1.0 e.C 2.0 4.0
Mar 1986
Avg. 0.79 5.7 <2.0 <0.1 0.1 8.0 $4.0 9.0 61.0 411.0
Max. 1.80 6.7 8.0 0.7 0.1 19.0 152.0 25.0 200.0
Min. 0.48 3.8 2.0 0.0 0.1 §.0 20.0 2.0 11.0
Apr 1986
Avg. 0.50 6.6 2.0 0.0 0.1 7.0 30.0 8.0 27.0 466.0
Max. 0.81 7.0 17.0 0.5 0.1 10.0 43.0 1§.0 34.0
Min. 0.39 6.0 <2.0 0.0 0.1 6.0 20.0 4.0 17.0
May 1886
Avg. 0.50 6.4 <2.0 0.0 <0.1 .0 21.0 s.0 21.0 -
Max. Q.57 6.8 79.0 0.0 <0.1 8.0 3§.0 8.0 40.0
Min. 0O.44 6.1 <2.0 0.0 <0.1 2.0 8.0 2.0 8.0
Jun 1986 .
Avg.- 0.851 8.1 €2.0 0.0 <0.1 §.0 22.0 6.0 26.0 600.0
Max. 0.54 6.7 2.0 0.0 <0.1 7.0 30.0 9.0 38.0
Min. 0.43 2.8 2.0 0.0 <0.1 4.0 15.0 3.0 it1.0
Jul 1988% )
Avg. 0.351 6.3 €2.0 0.0 <0.1 s.0 24.0 6.0 28.0 -
Max. 0.59 6.8 8.0 0.0 <0.1 9.0 37.0 13.0 $3.0
Min. 0.48 5.8 <2.0 0.0 <0.1 4.0 17.0 2.0 9.0
Aug 1988
Avg. 0.51 6.0 <2.0 0.0 <0.1 s.0 22.0 £.0 20.0 417.0
Max. 0.59 7.0 13.0 0.0 0.1 6.0 29.0 6.0 29.0
Min. 0.49 3.8 <2.0 0.0 <0.1 3.0 12.0 3.0 12.0
Sep 1986
Avg. 0.5% 5.8 <2.0 Q.1 <0.1 $.0 38.0 11.0 51.0 460.0
Max. 0.79 6.5 2.0 1.0 0.2 15.0 68.0 27.0 115.0
Min. 0.41 3.3 <2.0 0.0 <0.1 4.0 19.0 <1.0 ¢S
Oct 1986
Avg. 0.43 6.0 <2.0 0.1 <¢0.1 10.0 34.0 7.0 24.0 474.0
Max. 0.51 6.5 ¢2.0 2.0 0.1 17.0 §2.0 10.0 39.0
in. 0.38 5.0 <2.0 0.0 <0.1 6.0 21.0 4.0 10.0
Nov 1986 '
Avg. 0.40 $.7 2.0 0.1 <0.1 13.0 44.0 14.0 46.0 433.0
Max. 0.50 6.4 2.0 2.0 <0.1 20.0 68.0 21.0 70.0
Min. 0.34 4.6 <2.0 0.0 <0.1 9.0 26.0 8.0 25.0
Dec 1988
Avg. 0.41 5.6 <2.0 0.0 0.1 20.0 69.0 17.0 §0.0 561.0
Max. 0.51 6.3 2.0 0.0 <0.1 39.0 130.0 27.0 90.0
Min. 0.33 $.1 <2.0 0.0 <0.1 12.0 42.0 10.0 30.0

st Specific conductivity measured monthly.
TDS, measured once in 1986, was 265 mg/]l in November.
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Monthly summsry (1987) of the Report of Waste Discharge, e{fluent
monitoring, from the City of Nevada City sewage trestment plant
into Deer Creek, tributary toc the lower Yuba River, California.
(Summary data from CRWGCB files, NPDES No. CA0079901}

EFFLUENT CONSTITUENT
sl
Tot Col Ccl Sett Susp Susp Sp con
Sample Flow PH (mpn/ Res matter BOD BOD wmatter matter (umhs/
Period (mgd) (No.) 100ml) (mg/l) (ml/1) (mg/l) (1lb/d) (mg/l) (1b/d) cm)
Jan 1987
Avg. 0.44 6.5 <2.0 0.1 <0.1 14.0 48.0 14.0 $1.0 472.0
Max. 0.8§ 7.0 4.0 2.0 0.1 21.0 90.0 28.0 126.0
Min. 0.33 6.0 <2.0 6.0 0.1 §.0 22.0 4.0 15.0
Feb 1987
Avg. 0.30 6.6 2.0 0.0 <0.1 8.0 40.0 7.0 33.0 380.0
Max. 1.09 5.8 <2.0 0.0 <0.1 14.0 1.0 12.0 73.0
Min. 0.37 6.1 2.0 0.0 0.1 6.0 22.0 3.0 10.0
Mar 1987
Avg. 0.52 6.5 <2.0 0.0 <0.1 9.0 47.0 4.0 21.0 485.0
Max. 0.89 7.0 2.0 6.5 <0.1 12.0 88.0 6.0 59.0
Min. 0.38 2.5 <2.0 0.0 <0.1 §.0 23.0 1.0 5.0
Apr 1987 .
Avg. 0.40 6.6 <2.0 0.0 <0.1 11.0 3s5.0 18.0 50.0 §23.0
Max. 0.45 7.2 8.0 0.0 <0.1 19.0 70.0 49.0 180.0
Min. 0.35 6.3 <2.0 0.0 0.1 6.0 20.0 5.0 23.0
May 1987
Avg. 0.40 6.4 <2.0 0.0 <0.1 7.0 23.0 11.0 38.0 518.0
Max. 0.47 6.7 8.0 0,0 <0.1 11.0 34.0 20.0 62.0
Min. 0.3¢ 6.0 <2.0 0.0 <0.1 4.0 14¢.0 6.0 22.0
Jun 1987 :
Avg. 0.37 6.3 <2.0 0.0 <0.1 7.0 22.0 9.0 27.0 548.0
Max. 0.42 6.5 4.0 0.0 <0.1 18.0 48.0 20.0 57.0
Min. 0.33 5.9 <2.0 0.0 <0.1 1.0 3.0 1.0 3.0
Jul 1987
Avg. 0,36 6.3 <2.0 Q.0 0.1 7.0 22.0 6.0 20.0 £31.0
Max. 0.44 6.8 >2400 0.0 <0.1 9.0 29.0 11.0 3¢.0
Min. 0,32 5.9 <2.0 0.0 <0.13 4.0 14.0 3.0 9.0
Aug 1987
Avg. 0.32 6.3 2.0 0.0 0.1 10.0 25.0 9.0 23.0 §16.0
Max. 0.36 6.5 2.0 0.0 <0.1 19.0 44.0 14.0 34.0
Min. 0.28 5.5 <2.0 0.0 <0.1 5.0 17.0 $.0 14,0
Sep 1987
Avg., 0.32 6.5 ¢<2.0 0.0 <0.1 10.0 26.0 11.0 27.0 609.0
Max. 0.38 6.7 22.0 1.0 0.1 13.0 33.0 14.0 35.0
Min. 0.28 6.2 <2.0 0.0 <0.1 7.0 16.0 8.0 19.0
Oct 1987
Avg. 0.37 3.1 €2.0 0.0 <0.1 10.0 45.0 9.0 27.0 518.0
Max. 0.41 .0 32400 0.0 0.1 16.0 112.0 16.0 48.0
Min. 0.31 6.3 2.0 0.0 <0.1 6.0 17.0 4.0 14.0
Nov 1987
Avg. 0.37 6.5 2.0 0.0 €0.1 12.0 33.0 5.0 16.0 $16.0
Max. O0.858 6.7 17.0 0.0 (0.1 28.0 7%.0 9.0 29.0
Min. 0.33 6.3 <2.0 0.0 <0.1 5.0 18.0 2.0 §.0
Dec 1987 .
Avg. 0.47 8.4 €2.0 Q.0 <0.% 13.0 48.0 5.0 18.0 523.0
Max. 0.76 8.7 <2.0 0.0 <0.1 42.0 140.0 11.0 37.0
Min. 0.34 5.7 2.0 0.0 <0.1 6.0 21.0 1.0 35.0
t1 Specific conductivity measured monthly.

TDS, measured tuice/yesr, was 336 mg/l in September and 272 mg/l in Dceo-?er.
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Table IV-5.

Sumasry of measurements of dissclved oxygen concentrations in
the lower Yuba River, Califernia (from STOREY).,

—— T TTIVIT R FVTDL
Number standard
of Ninfeun Nexinum Hean Deviation Lecatien Seurce
Pate(s) tampled Semples (mp/L) (mg/L) (mg/L) (mg/L) Coede * of bata *
05-20-11 1 . 9.8 [ 1] cuURcs
04-18-51 te 09-03-49 17 7.3 1"H.e 10.8 1.5 [ CuRCH
10-16-47 te 04-23-48 2 9.9 1.3 10.7 1.1 " cunrcs
10-16-47 te 09-24-80 41 7.3 12.7  10.¢8 1.2 L L] uses
I 04-09-31 to 12-16-76 11} T.4 1.3 10.3 1.9 M CURCH
S 10-03-72 te 09-20-76 16 8.1 12.8 10.6 f.4 AR uses
' Welghted Meon N=481 10.5 1.3

* Koy to Locatien Code and Source of Data:

14 ] ® Delow Englebright Dam (USGS Statien 11418000)
rs = At Parks Beor

[ 1} = Paguerre Point Dam

"m » Near Marysville (USGS Station 11421000)

AN 2 At Merysville

CURCS = Callifornia State Mater Resources Control Board
Uses = U.8. Geological Survey
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Table IV-6.

Summery of measurements of pi the lower Yuba River, Callfernia (from STOREY).

—— 1 T T 1UTT T

Number

of Standard Lecatien Seurce
Pate(e) Sampled Samples Niniaum Nexisum Neen Deviation Cede * of date *
05-20-7% 1 T.2 11} CURCS
10-03-60 te 05-05-66 ] ] r.2 8.2 r.8 0.2 1 1} uses
04-10-51 te 09-05-69 "”s 6.7 8.4 7.4 0.3 (] ] CURCH
16-16-67 to 04-23-68 2 T.7 8.1 T.9 6.3 1 1} curcs
16-16-67 to 09-24-00 42 7.1 8.6 1.4 0.2 u uses
10-03-40 to 09-20-76 68 7.1 8.2 1.6 0.3 AN Uses
04-09-51 te 12-16-76 244 6.6 8.0 r.3 0.2 AR cuRcs
Helghted Neon N=583 T.4 0.2

=-ZLtL-

* Key te Lecation Code and Source of Bates

({] = Below Englebright Dam (USGS Statien 11418000)
st = Near Smartville

4] ® At Parks Ber

be ®» Daguerre Point Dem

L L] = Near Naryeville (USGS Statien 11421000)

AN ® At Naryasville

CURCS = Callifornis State VWater Resources Contrel Sosrd
USGS = U.8. Geoleglical Survey
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Summary of measurements of nitrates, nitrites, and ammonia concentrations in the lower Yuber River, California.
Data retrieved from STORET.

Concentration of Mitxogen (M) _

Date(s) Sampled Number Hinimum Haximum Hean Standard bocltlgn original

ot Value Value Value Deviation Code Source
Samples {(ng/L as N) (mg/L as W) (ng/L as N) (mg/L as W) ot oatab

Nitrates

02/25/70 to 12/08/70 18 ) 0.47 0.075 0.11 L CWRCB

05/07/51 to 04/23/68 2 (1] 5.60 0.44 0.98 AN CWRCB

05/14/61 to 05/05/66 11 ] 1.10 0.43 0.42 . 1) UBSGS

05/04/61 to 03/05/66 12 0 5.60 0.78 1.57 AN USGS

05/08/51 to 04/23/68 315 ] 1.320 0.24 0.3 PR CHWRCH

03/01/77 to 09/24/00 k1 ] 0.1% 0.031 0.041 NN UBGS

03/01/77 to 03/24/80 s ° 6.70 0.13 0.18 e uscs

Heighted Nean N=182 0.248 0.4%1

Nitcites

09/28/77 to 10/27/78 7 0.010 0.010 0.010 0 ] USGS

03/01/77 to 01/25/79 16 0.01 ) usGs

03/031/77 to 01/25/79 ad 0 0.0} 0.009% 0.014 [ ] USGS

Weighted NMean N=46 0.009 0.007

Ammonia

03/24/77 to 12/20/78 14 0.010 0.130 0.030 0.03) [ USGS

02/36/79 to 09/24/80 10 (/] 0.0} 0.010 0.01) m UsGs

Weighted Neasn N=32 0.019 0.022

a. location Codes: b. Data Source Codes

ST = Near Bmartville CWRCB = Callfornia state Mater Rescurces Control Board

PB = At Parks Bar USGS = U.8. Geological Survey

N = Near Marysville (USGS Station 11421000)
AN = At Nerysville

C-066950
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Tabl. iV-14. . N OmE an oam an
Summary of EPA(1988) criters for selected trace elaments and measursments of these elements In the lower Yuba River, California ' )
Ioxjcity Level Concentration
Dates Mumber of Sasple Nessurement Nimimm  Meximm Hean Standard Locstion Source of
Parameter Acute Chronlc Sonpled Samples Redium Unit Vaiue(a) Volue  Value Deviation Code(b) OData(c)

Alumtrum fNone None 5/7/6% to 9715768 t Water w/t 0 46.0 20.1 19.1 M cumes
Ant Imony $000 1600 2/19/80 1 Uater wg/L 269.00¢k) W USEPA
8/4/80 1 Sediment Mg/Kg(dry wt.) 778.92(k) ¥4 USEPA

8/4/80 ] Tissue Mg/Kg(wet wt.) 8.00(k) (] USEPA

Arsenic (Pent) 850 48 8/19/80 1 Water ug/L 1247.00¢k) USEPA
) 340 190 8/4/80 1 Sediment Ng/Kg(dry wt.) 183.02(k) USEPA

874/80 ] Tissue  NHg/Kg(wet ut.) 13.00 USEPA

672977 3 Tissue Mg/Kg(wet wt.) 0 0.80 0.27 0.468 CURCS

4/22/80 to 9/24/80 2 Nater  ug/t (] [ ] 0 [} ™ USGS

4721777 to 9/720/79 é Vater ug/t 1.0¢k) . W UsGS

$/7/85 to $/720/7% 14 Water wg/L 0 10.00 1.43 3.78 M CURCE

875766 to 9/2/68 2 Hater ug/L 0 ] ] 0 4] CURCE

$720/7% t Water ug/L 0 [1) cmce

sarium N/A /A $720/TY 1 Uater vo/i ] £s CARCS
6719767 to 5720/T0 3 Uster  ug/t 0 100.00 33.33 . 5.4 M omee

13/730/79 to 9724780 4 Uater  ug/L 0 1.00 0.50 0.58 W UsGS

412377 to 9720/79 é Sister  ug/lL 100.00¢k) W USGS

Sarylihum 130 $.3  5/7/65 to 9/15/88 S Uater g/l 0 0 ] 0 AN CumCH
2/19/80 1 tater  ug/L 26.00(k) W USEPA

8/74/80 ] sSediment Ng/Xg(dry wt.) 4.40(k) ] USEPA

$/4/80 1 Tlesue Ng/skg(wet wt.) 0.30(k) Wt USEPA

Soron N/ N/A 1073760 to 575766 52 Vater  ug/lL 0 100.00 15.38 34.43 A USGS
$/7/5% to 4/23/68 15?7 NHater  ug/l ] 280.00 25.92 44.08 M Gmes

10/3/60 to 575768 S Water W/t (] 100.00 13.73 .75 ST USGS

9720779 o 9/24/80 1" Uater ug/t 0 100.00 9.09 30.1% ] usGs

3/4/77 to B723/19 3] Vater  ug/L 20.00(k) ™ USGS
Cadnium 3.9 1.1 8/19/80 1 WUater wg/L 88.0(k) USEPA
8/4780 ) ud Mo/kgldey wt.) 13.18(k) USEPA
8/4/80 ) Tissua Ng/Kp(wet wt.) 1.00(k) USEPA
8/4/80 ] Tot.Flsh MNg/Galdry ut.) 3.0 USEPR
éra9117 3 Tlasue MHg/Kg(net wt.) ] 6.10 0.0% 0.053 Curce

4722/80 to 9/24/80 2 Vater ug/t 0 10.00 5.00 7.07 M USGS

9/20/19 ) Uater ug/L 20.00(k) W UsGs

K724/77 to I/AS/T9 5 Water ug/L B(u) ] \] (/] usGs
5/7/65 to 5/4/T) ¢ Water  ug/lL [ ] 0 ° AN CwRCE
5720/7% | Nater ug/L 0 ER CURCS

jin
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Tabxe IV-16. }

summary of EPAC1984) critera for selected trace alements ond measurements of these slements In the lover Yube River, Californie

Toxlclty Level —Concentration
Dates Wurber of Sample Measurement Nimimm  Maximum Mean Standerd Location Source of
Parameter Acute Chronic Sampled Samples  Hedium Unit Value(a) Velue  Valus Deviation Code(b) Data(c)
Mercury 2.4 0.012 1976 é Sediment ppb 54 360  150.83 RB+NM  Beak
8/19/80 1 Water  uwg/L 0.20(k) USEPA
8/4/80 ] Sediment Ng/Kg(dry wt.) 1464.00 USEPA
8/4/80 1 Tissue  Mg/Kg(wet ut.) 0.90 USEPA
12/8/76 to 6/29/T7 ) Fish Pee (wet wut.) 0.40 2.00 1.20 0.73 omee
é29/T7 1 Fish pem (nst wt.) O¢u) 0 (/] (] CURCE
&4/21/77 o 9728/77 2 Mater  uwg/L 0.50¢k) W USGS
4722/80 to 9724780 2 Water ug/L 0 0 0 (] L UsGs
5/4/71 to 5/20/71 2 Water  wg/L 0.20 0.20 0.20 ° AN Cueee
8720/ 1 Vater ug/L 0 (4 ] cuRce
1976 é Water  ppb 0.25¢k) RB'NN  Beak
Nickel 1400 160 8/19/80 1 Mater  ug/L 91.00(k) USEPA
8/4/80 1 Sediment Ng/Kg(dry wt.) 159.59 USEPA
8/4/80 1 Tissue MNg/Kg(wet wt.) 1.00(k) USEPA
/291717 2 Tissue Mg/kg(wet wt.) 0.30 0.70  0.50 0.28 CURCS
12/8/16 o &129/77 3 Tissue  Mg/Kg(wet ut.) 0(u) 0 o (] CURCS
S/7/65 to 9/15/68 s Uater  ug/L 0 3.00 1.86 1.35 AN cumce
'
- Selenium 280 33 12/8/76 2 Tissue Ng/Kg(wet wt.) 0(u) -] 0 0 omes
N 3/13/79 to 9/24/80 3 Vater  ug/L ) 10.00 6.67 5.7 W UsGs
1 &/21/77 to 9/20/79 S Mater  ug/L 1.00¢k) WH USGS
S/4/7V to 3/20/7% 2 Uster  uwg/l 0 ] ] [ ] A ourcs
$/20/7V 1 Water  ug/L ] E8  Owece
Silver 4.1¢ 0.12 6/29/77 3 Flish Ng/Xg O(u) ] 0 0 M Crcs
6/19/67 1 Uater  ug/lL 0 M omce
2inc 120 110 8/19/80 1 Vater  wo/L 77.00 USEPA
8/4/00 1 Sediment Ng/Kg(dry ut.) 455.34 USEPA
874780 ? Tissue MNg/Kg(wet wt.) 48.00 USEPA
12/8/76 to 6/29/T7 S Tlssus MNg/Kg(wet ut.)  6.50 35.40 18,58  11.51 omce
/7763 to 6/19/67 5 Vater  ug/L 0 [ ] 0 0 A omca
a. Ninfmm value codes: ¢. Date Source Codes:
k = Threshold value. Actusl concentration wes less then threshold vatue. CURCS = California State Uater Resources Control Board
u = Undetected. Actual concentration wss iess than snalytic detection Limit. USGS = .8, Geological Survey
b. Location codes (1.e., general tocation semple was taken)s USEPA = U.8. Envirormental Protection Agency
€8 = Below Englebright Dam (USGS Statfon 11418000) ST = Nesr Smartville Seak = Beak Consultants Incorporated (1976)
P8 = At Parks Bar RS = Rose Bar

0G = At Daguerre Point Dem
NN = Near Marysville (USGS Station 11421000)
A = At Marysville

C-066954
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Table 1IV-17,

Sumsary of wessursments of selected organochlorine insecticides in the lower Yuba River, California.

- .. ‘
,_—-.------'-------
}

concantration
Wunber Souxce
Date(a) of Sample Neasureasent Hinimum Haximum Mean Standard ot
Sanpled Samples HNedius Unit Value 8 Value Value Daviation Data ®
.o = M
08/19/80 1 Water ug/L 30.00(k) USEPA
08/04/80 1 Sedisent ng/kg dry wt.  1830.00(k) USEPA
98/04/00 1 Tissue ub/kg wet wt, 0.05(k) USEPA
08/27/17 3 Tissue ng/kg wet wt. (] 0.02 0.01 0.00%0 CHWRCB
2.0 = QDD
os/19/80 1 Water ug/L : 30.00(kx) USEPA
08/09/00 1 Sediment »g/kg dry wt. 1830.00(k) HWSEPA
g8/04/00 1 Tissue ag/kqg vet wt. 0.05(k) USEPA
06/08/76 to 06/29/17 s Tissue »g/kg wet wt. 0.02 0.33 a.10 0.14 CWRCB
12/08/76 1 Tissue ug/kg wet wt. 0(u) CWRCB
B =~ DDE
08/1%/80 1 Water w/L 30.00(k) USEPA
0s/09/80 1 Sediment 8qg/kq dry wt. 1830.00(k) USEPA
08/04/80 1 Tisuse »g/kg wet wt. 0.30(k) USEPA
12/08/76 to 06/39%/117 [ Tissue »g/kg vet wt, 0.03 0.9% 0.28 0.3% CWRCB
13/08/76 to 06/29/77 s Tissue »g/qn .01 1.62 0.4% 1.63 CWRCB
12/08/7¢ 1 Tissue wng/qn a{u) CWRCB

a. Ninimum Value Codes:

K=Threshold value. Actual concentration was less than threshold value.
U=~tUndetected. Actual concentration vas less than analytical detection 1liait.

b. Data Scource Codes:

CWRCB=California Stata WAtar Resocuces Control Board

USEPA=U.S. Environsental Protection Agency

C—066955
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Table IV-18.
Summary of Polychlerinated Biphenyls (PCB) measurements In the lower Yuba River, Californfa.
Loncentration
Number Source
Doto(g) of Sample Neesurement HWinimun Heximum Nean Standard of
Sampled Samples Medium unit Velue® Vatue Velue Deviation Dats®
pce - f{forml
{1016, 1221, 1232, 1242, 08/04/80 1 Tlasue ag/kg wet wt. 0.05(¢k) USEPA
1248, 1254, 1240) oss19/80 1 Nater ug/t $0.035¢k) USEPA
08704780 1 Sediment ag/ke dry wut. 1830.00¢k) USEPA
{1240) 0s/72%/17 3 Tissue ng/kg wet wt. 0 9.22 0.07 0.13 cures
fell fermel 12708/76 3 Fish np/kg wet wut. 0 t.10 0.42 0.60 cunce
8. Ninfaum Yalue Cedes:
k - Thresheld velue. Actusl cencentration was less then thresheld value.

W = Undtected. Actuel cencentration was less than anslytical detection timit.

b. Dats Source Cedes:

CURCE = Califernia State Woter Resources Centrol Soard

USEPA = U.8. Envirenmental Protection Agency

C—066956
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APPENDIX V

1965 AGREEMENT BETWEEN
THE YUBA COUNTY WATER AGENCY
AND
THE CALIFORNIA DEPARTMENT OF FISH AND GAME

-185-

C—066957

C-066957



THIS AGREZENT, mads this 2nd day of Septesber, 1965, between the YUBA COUNTY
UATZR ACZICY, bereinafier called "AGENCY™ aad the STATE OF CALIFORNIA, represented
by the CALITOSKIA DEPAKDMENT OF FISE ARD GAME, hereinefter called "STATE™, supersedes
end replaces tbe preliminary cgreement datcd December 28, 1961, and the agreemsat

dated Kovember 23, 1962, batween the parties hereto.

HITNESSETE:

WRERZAS, the Yuba River snd its tributaries comprise a natural river system
freguented oy king salmon, steelhead tIrout, brown trout, rainbov trout, shad, and
other figh; and

WREREAS, the Water Rights Board of the State of Californis hus issued its
Decision No. D1159 odopted Dacember 19, 1963, and azended Pebruary 17, 1964,
vherein Applications Nos. 5631, 5632, 15204, 15205, 15563, and 1557%.0f the AGENCY
were approved under the terms and conditions of said decision, and permits were
ordered to te issued to the AGENCY for the diversion and use of certaia quantities
of wzter froaz the Yuba River System for irrigation and mmicipal purpoces and for
the gencration of electrical pover; and

WEERZAS, the AGENCY has obtained a license from the FEIERAL POJER COM{ISSION
for the ccastruction of the Yuba River Davelopment designated in the Pedaral Pover
Corniscion proceedings as Project No. 2246; snd

WHEREAS, since the issueace of szid Decizion No. D159 and zaid Federal Pover
Corzission license, the AGENCY has reviscd the Yuba River Development and intends
to construct Hour House Diversion Doo on the Middle Yuba River, Iog Cobin Diversion
Dan on Oregon Creek, New Bullards Bar Denm and Reservoir and New Colgate Tunrcel
intzve on the North Yuba River, New Marrovs Power Piant, snd Irrigaticn Diversion
Worzs on the xaimsten of the Yuba River in order to divert and stoTe the wvater ead
2pply the same to beneficial uses unde> peraits to be isaued to the ACTACY and
uncer llicense from the Federal Pover Cocission; and

WAZRZA3, the construction of the Law larrovs Powver Plant and Irrizasion
Diverzion Uosks =ty affect the spaiming ases presently utilized by kirg sclzoa asd
steclhazd tout Tuns of the Yuba River and will Sequire the Telezse of vater fro=
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Eaglebright Reservo._ ..ad Bour House Dam, Log Cobin i —y and the existing Colgate Dem
for the preservation and enhancement ©f the fisheries of said river system below said

dans;
KO, TUEREFORE, in considersticn of the mutual covensats berein contained,

IT 1S )CREED between the parties hereto as follows:
Secticn 1.1 = The ;‘ol.lwﬂ:s minimin flovs shall de released into the Middle
Yubs River ismedistsly belov Hour House Diversion Dam for the maintenacnce of fishlife:

50 cubic feet per second or the patural flow, vhichever is less, from
- April 15 through Juns 15
30 cubic feet per second or the satural flov, vhichever is lass, from
June 16 through April 1k
The above relsases shall Ve measured at a strean gaging station located approximately
500 feet downstream of said dam.
Section 1.2 = The folloving ainimm flows shall de relsased into Oregon Creek

from log Cadbin Diversion Dam for the msintenance of. fishlife:

12 cubic feet per second or the nstursl flov, vhichever is less, from
April 15 through June 15

8 cubic fect per second or the natural flow, vhichever is less, from
June 16 through April 14

The adbove releases shall be measured &t & stresn gaging station locsted spproximately
500 fest downstrean of said dan. '

8eetio.n 1.3 - The flows stipulated above in Sections 1.1 snd 1.2 shall not
fluctuate more than plus or minus 10 peroent from the Tespective mean flows in any
2i-hour period. The term "nstural flov" in Sectionz 1.l and 1.2 means the inflov
to the respective reservoirs.

Section 1.4 « The following minimm flow shall be released for maintenance of
Pishlife from the existing Colgate Dam on the North Yubs River:

S cubic 4 per sacond year arcund
The flow sball e measured at a strean gaging ststion locsted spproximately 500 feet
downstress of s2id daa.

Sdetion 1.5 -« The AGENCY shall'make relesses Of water from Englebright Reservoir
€0 rzaintain in the Yuba River ixrsdiately telov Daguerre Point Dan the following

ainirun {lows for the maintenance of Lishlife:
245 cubic feet per second

Jazuasy 1 - June 30
July 1 - Septezber 30 70 cubic feet per second
Octoder 1 - Dececber 31 300 cudbic feet per sacand
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mese flov relesses s be in sddition to rclesses r to satisfy existing down-
stoeam water rights and shall be measured over the crest of Daguerre Point Duz and
throush the fishwzys at that danm.

Section 1.6 - Water relecaes for fishlife shall be subject to reducticm in
eritical dry years.

A critical dry year, as used horein, is defined as s water yecr for vhich the
April 1 forecast of the California Department of Water Resources predicts thst
strecmflow in the Yubs River st Smertville will be 50 percent or less than 50 percent
of normal. The critical dry year provisions herein shall be sffective from the time
the aforessid forzcast is available until the April 1 forecast of the following yesr.

The water rclecse curtsilment schadule for critical dry years will be’as follows:

Yuos River at Smariville Reduction in Water Releases
Streanflow Forecast Per for Mshlife, Per Cent
Cent of Kormai

'S0 15

ks 0

40 or less 30

However, in no sevent shall water releascs for fishlife below Doguerre Point Dea

be reduced to less than 70 cubic feet per second.
Section 1.7 - A minimum pool shall be maintained in New Bullards Bar Reservoir

at elevation 1730 feet.

Section 1.8 - The AGERCY shall clear vegetation in New Bullards Bar Reservoir

' from 1700 foot elevation to the 1955 foot slavation.
Yhere borrov areas are proposed, the top s0il shall be stripped first and

i

stockpiled. Vhen borrow operations are coxpleted, the arca shall be graded as
precticcdble, and the top soil shall be replaced vhere the tapogi'uphy pernits. Borrow

|
I arcas on U. S. Covernment land shall be revegctated with browsc species. This stipu-
lation does not apply to those areas vhich will be inundated by the resesvoirs.
Section 1.9 - AGENCY sholl mitigaote domages to wildlife resulting from project
I gctivities in sccordance with recommendations of the Depertrent of Fish and Cone.
The extent of ACZICY'S obligation under this 3ection will de deterzined through further
l investigotion eng negotiations.
Szetion 2.1 - During tae period January 16 through Octoter 15, flows relecssd
l by the ACTUCY from the mglebrisht Reservaiy 23T stert-uy, shutdoim amd oparatisn
of iav jia>rovs pcuer plant shall not fluctuate 3t an hourly rate of more ttan 50
I cublic feet per sacond and relcases stall be changed s gradually as possidle vithin
this hourly pesiod.
I
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oeticn 2.2 -« En for flood rlows, and uncont: :u Llows of tributary streams
(Deer Creek c=d French Dxy Creek) the releeses from Exglebright Dea during the period
October 16 - Jenuary 15 shall be continucus and uniform, but the scheduled release
for the gpeeified period shall be within the limits prescribed velow and these releascs

sho1l be xeascred ot the same geging station es described in Section 2.k:

EZRIOD RELEASES - C.F.S.
October 16 - October 31 600 - 1,050
November 600 - 700
Dececber 600 - 1,ko00
Jeausry 1 - Jeauary 15 1,000 - 1,850

The relesse during the specified period shall not vary more than 15 percent from
the scheduled uniform release and this variance shall be further minimized vhenever
possible.

Except in cace of emergencies, during yesrs other than critical dry years as
defined in Section 1.6, minimum continuous relesse by the AGENCY from Englebright
Reservoir during the period Jonuary 16 through March 31, shall be 600 cubic feet per
second, subject to the above 15 percent variance. '

Section 2.3 - Toe allowable reduction in the average continuous flov during the
operaticnal period of October 15 - 31 shall be minimized and limited to not more than
35 percent of the aversge flow during the preceding seven day peric l. The reduction
in the everazge continucus flov during “ovezber 1 « 30 shall be minimized and limitcd
to not more tian 15 percent of the average continuous flow during the preceding fifteen
day period. T3e STATE shall be furnished with the proposed operation schedule five
days belors the schedulsd relsase period with further notification of any subsequent
change ati or before the time it &s made.

When the storage and runoff =ay cllov & higher scheduled uniform flow during
Octover and [ovezser without a reduction in flow in Deceumber, the umniform scheduled
Telease in October and “ovezber may oe increcsed.

Seation 2.% - Fluctustions in the streanflow are to be mesasured at the new
Yuba River gasiag station below Englebrigat Daa wihich will be constructed for the
AGSTCY by the U. 8. feological Survey at a location bdelow the discharges of the two
poVET2CuseS .

Secticn 2.5 - The requirs=azis of Sections 2.1 through 2.k sbhall be subject to
re-evaliation a=2 rovision st such tize a3 Karysville or other downsiress storage

TeserrOir is coustiracted ¢a the Yusa River.

-4 -
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"Section 3.1 - T stances wvhere the AGENCY or 1 ontractors propose to remove
vegetation from s rescrvoir site, strip earth from the sbutments, remove sand or
gravel from a stiream, wash gravel near & siream Or CAITY oh any activity in or along
& strean which might result in muddying, silting or alloving to enter the stream
sny substance, which might injure fish 1ife or fish habitst, the AGENCY shall be
responsible for providing and maintaining in effective condition check dans, ssttling
poads, and such other features ss may be required to maintain the fishery values of
the streans below such operations.

Tae AGENCY shall be responsible for its contractor's complisnce with Sections
5650, 5948, 12015, 1601, and 1602 of the Californian Fish and Game Code and other
applicable statutes relating to pollution prevention or abstement.

Section 3.2 - Free public access shall be alloved within the proposed project
boundary, except in sreas where public safety, security of AGENCY'S property, or
interference with project operations are the controlling facters.

Section 3.3 - It is recognized by the AGENCY and the STATE that the temperaturs
of vater relecsed from the New Bullards Bar Reservoir during the spawning seasons
of king salmon in the fall and shed in the 3pring csn have an effe .t upon mitigation
and enhancenent of the salmon and shad runs in the Yubs River. The AGENCY shall so
locate and operate the power intake and outlet vorks at Nev Bullards Bar Dam so &s to
provide water temperatures of the relesses from New Bullsrds 2ar Dan comparadble to or
better than present values with regard to the fishary resources.

Ssétion 3.1: « AGENCY shall bear the cost of constructing, operating snd maintsin-
ing fish screening facilities at the Irrigation Diversion Works.

Section 3.5 -~ Design of facilities referred to in Section 3.4 above will be in
sceord vith the criteris descrived in Exhidbit "A", dated August 9, 1965, attached
bereto, end wnich is made a part of this agreement. If said criteria are revised,
vioersoy the cost of fish facilities is increased, such incresse sball not be the
respoasidility of the AGENCY.

Section k.1 - Tee ACINCY will file o copy of this sgreecant vith the State Vater
Rigats Board znd with the Federsl Jower Comnission and will rasguest a=snd=snt of
Deeisicn DL1S9 and F.P.C. License for Project 72246 consistent with the provisions
of this arreszant. 3y the execution of tals srresment, the STITT haredy consents

to the a—end=snt o Decision D1159 and F.P.C. lLicense for Project y22i6 consistent
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with the provisions us this agreement.

CALIFORNIA DEPARTMENT OF FISH ARD GAME

“— g R
Ve
By ‘" - . P SRS .
Director
YUBA COUNTY WATZR AGERCY
By Al%‘t /\//"4/
Ben Ross, Chairmon
s/
By Q:l '_—:l—{—":«»taé'./f?/{ N
C/Ialm S. Sanbroock, Secretary
- 6 -
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YUBA COUNTY WATER AGELCY

EXIBIT "A"

Desiga Criteris for Fish Facilities
August 9, 1965

Fish Screans

1.

2.

A vertical louver type screen shall dbe provided at tha hesdworks of the South
Yuba Cannl and & cylindrical, rotating, perforated plats screen shall be pro-
vided at the heacdworks of the North Yuba Canal to divert the fingerling fish
from the canals and headvorks dack into the Yuba River. The fish diversion
basins and facilitiss may be located on the canals a suitadls distance down-
strezn of the canal intakes. Each canal or spproech chbannel shall be widened
into o basin with a rectangular cross section in wvhich the screen shall de
loccted. The design of the transitions to these basins shall be such ss to
assure & uniform velocity of approech to the screens. Trash racks e&p‘ble of
removing debris that may clog the screens shall be installed upstreaz of each

screen.

The louver screen and structure shall de designed according to the following
criterie:
Normal velocity of spprosch « 3.5. fest per sscond
Minimum velocity of spproach - 1.0 feet per second
Angle of line of louvers to direction of flow = 16°
Angle of louver slats to directiocn of flow - §0°
Iouver slats - 2.5 inches wide
Adsquste flow straightness shall be provided
Clecr spacing between louver slats - 1.5 inches ts 2.0 inches
Velocity at bypass entrance - 1 to l.4 times the approach velocity
Width of bypass opening, minimun = 8 inches
Mingxz:= digmeter of bypess pipe - 12 inches

The bypass stoucture shall be of & desisn vhich assures a uniform velocity

distrisusion from top to bottan as wvell as a transition of unifors flow

into bypass pips.

Provizions skall be made for clesuing the louver screens under operuting

coaditicons.
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3. The eylindriczl, rotcting scroen shall be designed according to the following
criteria:

3 squerce feet of perforated plate shall be necessary for each cubie
foot per second of diversion.
The perforated plate shall hove 5/32 inch holes at 7/32 inch centers,
staggered.
The operating periphersl speed of the screen may range froa 10 f.p.m.
to 30 f.p.m.
Width of bypess opening, minimum - 8 inches
Dismeter of bypess pipe, minimum - 12 inches
Velocity at bypass entrance - ‘1 to l.k times the spprosch velocity
Provisions shall be mede for removing, maintaining and adjusting the

cylirndrical screen in a dewstered conditioa.

-193-

C—066965
C-066965



(ALL— POE WS LM |

RESULTS OF PHABSIM AT SELECTED
IFIM TRANSECT SITES FOR ASSESSMENT OF
UPSTREAM MIGRATION CONDITIONS

e
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Table VI-2.

Height of stream channel to water surface

. elevation (ft) at Daguerre Point Dam IFIM
Transect 1 and Transect 2.

Distance Daguerre Dam 1FIM Transect 1 Daguerre Dam IFIM Transect 2
from {eft bt S Uttt daded - ""'"'B"’""'"'s""""“""
— streambank (ft) 100 cfsP 50 cfs® 35 cfs® 100 cfs® 50 cfs® 35 cfs?
_ 0 2.27 .45 2.52 0.21 0.40 0.47
- s -0.53 -0.35 -0.28 -1.19* -1.00* -0.93*
- 10 -0.93 -0.75 -0.68 -1.29* -1.10* -1.03*
- 15 -0.83 -0.65 -0.58 -1.19* -1.00* -0.93*
20 -0.73 -0.55 -0.48 -0.89 -0.70 -0.63
25 -0.83 -0.65 -0.58 -0.39 -0.20 -0.13
I 30 -0.73 -0.55 -0.48 0.01 0.20 0.27
35 -0.63 -0.45 -0.38 0.21 0.40 0.47
40 -0.53 -0.35 -0.28 0.21 0.40 0.47
45 -0.33 -0.15 -0.08 -0.19 0.00 0.07
50 -0.33 -0.15 -0.08 -0.39 -0.20 -0.13
55 -0.23 -0.05 0.02 -0.09 0.10 0.17
60 -0.13 0.0S 0.12 -0.19 0.00 0.07
65 -0.63 -0.45 -0.38 -0.19 0.00 0.07
70 -0.53 -0.35 -0.28 -0.39 -0.20 -0.13
l Y] -0.93" -0.75* -0.68* -0.39 -0.20 -0.13
80 -0.73* -0.55* -0.48* -0.69 -0.50 -0.43
85 -0.53 -0.35 -0.28 -0.59 -0.40 -0.33
90 -0.63 -0.45 -0.38 -0.69 -0.50 -0.43
' 95 -0.43 -0.25  -0.18 -0.89 -0.70  -0.63
100 -0.83 -0.65 -0.58 -0.79 -0.60 -0.53
- 105 -0.63 -0.45 -0.38 -0.79 -0.60 -0.53
110 -0.53 -0.35 -0.28 -0.79 -0.60 -0.53
115 -0.63 -0.4% -0.38 -1.09 -0.90 -0.83
120 -0.73 -0.55 -0.48 -0.79 -0.60 -0.53
125 -0.63 -0.45 -0.38 -0.59 -0.40 -0.33
130 -0.63 -0.45 -0.38 -0.79 -0.60 -0.53
135 -0.53 -0.35 -0.28 -0.89 -0.70 -0.63

140 -0.53 -0.35 -0.28 -0.89 -0.70 -0.63
145 -0.63 -0.45 -0.38 -0.49 -0.30 -0.23
150 +0.53 -0.35 -0.28 -0.29 -0.10 -0.03
155 -0.63 -0.45 -0.38 -0.29 -0.10 -0.03
160 -0.83 -0.65 -0.58 -0.39 -0.20 -0.13
165 -0.73 -0.55 -0.48 -0.49 -0.30 -0.23
170 -0.83 -0.65 -0.58 -0.09 0.10 0.17
175 -0.63 <0.45 -0.38 0.31

180 -0.73 -0.55 -0.48

185 -0.43 -0.25 -0.18

190 <0.13 0.05 0.12

3 Measured depth
Projected depth based on PHABSIN model results

I * Chamnet thatweg
i
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Table VI-3.
Height of stream channel to water surface
elevation (ft) for the Simpson Lane
Critical Riffle thalweg at 84 cfs.

Distance Channe! thaiweg
dowunstream along profile below
thalweg (ft) WSEL (ft)
0 -0.80
10 -0.70
20 -0.75
30 -0.80
40 -0.75
50 -0.70
60 -0.75
70 -0.80
80 -0.75
90 -0.75
100 -0.80
110 -0.70
120 -0.85
130 -0.80
140 ~0.80
150 ~0.75
160 -0.85
170 -0.90
180 -1.10
190 -0.90
200 -0.75
210 -0.70
220 -0.70
230 -0.60
240 -0.65
250 -0.60
260 -0.70
270 -0.70
280 -0.80
290 -0.90
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